Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 






I 






IV I 






Xibrar? 



of the 



'dlniversiti? of Misconein 



^ y-A 



\. 



I 






PUMPING AND WATER POWER 



STANDARD WORKS ON HYDRAULICS 

Manual of Hydrology. Containing Hydraulic and other Tables ; 
Rivers, Flow of Water, Springs, Wells, and Percolation • Tides, 
Estuaries, and Tidal Rivers; Rainfall and Evaporation. By 
Nathaniel Beardmore, C.E. New Impression. With i8 
plates, 384 pages Bvo, cloth. (1906.) los. 6d. net. 

Hydraulics with Working Tables. By E. S. Bellasis, 
M.InstC.E., recently Superintending Engineer in the Irrigation 
Branch of the Public Works Department of India. Second 
Edition, 160 Illustrations, xii + 311 pp., Svo. (191 1.) 12s. net. 

Introduction — General Principles and formulae — Orifices — Weirs — Pipes — Open 
Chanmels, uniform flow — Open Channels, variable flow — Hydraulic observations — 
Unsteady flow — Dynamic effect of flowing Water — Appendices. 

Hydraulic and other Tables for purposes of Sewerage 
and Water Supply. By Thomas Hennel, M.InstC.E. 
Third edition, with Appendix. 70 pages, crown Svo, cloth. 
(1908.) 4s. 6d. net., 

Quantity of Water contained in Pipes, Wells, and Circular Tanks, per foot, in 
length or depth — Quantity of Water contained in Square Cisterns or Tanks, per foot, 
in depth — Flow of Water through Sluices — Flow of Water over Weirs-^-Flow in 
Circular Sewers or Conduits at various depths — Flow in pipes (running full)— -Quantity 
of Sewage due to Population — Quantity and Discharge from Areas due to Rainfall — 
Annual Rainfall in British Isles — Monthly Rainfall— Daily and Hourly Rainfall — 
Water Supply by Gravitation, works for given populations — Water Supply by 
Pumping, works for given populations — Analysis of Water — Quantity of Brickwork in 
Sewers, Culverts, and Wells — Quantity of Brickwork in Egg-shaped Sewers — Weight 
of Cast-Iron Pipes — ^Weight of Lead Pipes. 

The Design of Channels for Irrigation or Drainage; being 
a Statement of the various Formulae in use and a Guide to the 
Practical Application of them. Compiled by Robert Burton 
Buckley, C.S.I., Chief Engineer Indian Irrigation Department 
(retd.), M.Inst.C.E., Author of " The Irrigation Works of India," 
"Facts, Figures, and Formulae for Irrigation Engineers," etc. 
With 22 diagrams, 55 pp., crown Svo, cloth. (191 1.) 2s. net. 

Contents — Kennedy's Silt Theory — Hydraulic Mean Depth — Formulae for the Flow 
of Water in Open Channels — Reduction of Gradients — Best Form of Channel — Typical 
Channels — Canal Discharges — Metrical Measures — List of Authorities — Index. 

A.B.O. of Hydrodynamics. By Lt.-Col. R. de Villamil, R.E. 
(retd.). 48 illustrations, xi + 135 pp., Svo, cloth. (1912.) 
6s. net. 

Resistance of Liquids ; Confused State of the Subject — A Liquid of Infinite Dimen- 
sions — Movement of a Liquid and the Law of Flow — Resistance, considered generally 
— ^Viscosity and Fluid Friction — A Viscous Fluid flowing "by Obligation"; Discon- 
tinuity — Viscous Liquid not flowing "by Obligation," but following stream-lines given 
in Hydrodynamical Text-Books — Resistance due to Viscosity varies, not as the 
"Wetted Surface," but as the "Shearing Surface" and as the Velocity only — 
Resistance due to Viscosity, continued', Stokes' Law — How Liquids change from 
Steady to Sinuous Motion; Vortices; Sensitive Flame; Singing Flame — Liquids 
Moving in Tubes ; Poiseuille's Law ; Ring Vortices — Vortices in a Perfect Liquid ; 
Helmholtz Rings — Motion of Water in Rear of a Body Exposed to a Stream ; Resist- 
ance at very high Velocities — Connection between the Law of the Resistance of 
Liquids and of Air, " Dynamical Similarity" — Index. 



E. & F. N. SPON, Ltd., 57 HAYMARKET, LONDON, S.W. 



PUMPING AND 
WATER POWER 

A GUIDE to' THE HYDRAULIC LAWS AND 

CONDITIONS INFLUENCING PUMPING 

OPERATIONS AND TO THE 

EFFICIENT USE OF PUMPING AND 
WATER POWER APPARATUS 

WITH RULES AND TABLES BEARING THEREUPON 

Especially compiled for Students, Mechanics, and 
Intending Users of Hydraulic Machinery 



FRED. A. BRADLEY 



FIFTY-ONE ILLUSTRATIONS AND TEN TABLES 



Xou&on 

, & F. N. SPON, Ltd., 57 HAYMARKET 

new yocft 

SPON & CHAMBERLAIN, 123 LIBERTY STREET 



178913 

NOV -\ I9i3 
SVK 



CONTENTS 



PAGES 

Preface ix-xi 

CHAPTER I 

Important Laws of Hydraulics — Water Level— Water Pressure^ 

Weight of Water 1-7 

CHAPTER II 

Atmospheric Pressure— Variations of same— Suction of Water — 
Suction Pipes — Vacuum — Pumping Hot Liquids — The Syphon — 
Uses of Syphons— Water flowing by Gravitation — Head of Water 
— Entry Head — Velocity Head — Friction Head — Hydraulic Mean 
Grade 8-20 

CHAPTER III 

Pumpingf Work — Manual Pumps — Single-acting Pumps — Double-act- 
ing Pumps — Lift Pumps — Lift and Force Pumps — Description of 
Illustrations — Foot-Valves — Air Vessels — Vacuum Vessels — Snift- 
ing Valves 21-32 

CHAPTER IV 
Suction Pipes — Delivery Pipes — Friction of Water in Suction Pipes . 33-36 

CHAPTER V 
Units of Work — Man Power — Animal Power — Steam Power . 37-4 1 

CHAPTER VI 

Steam Pumping— Direct- Acting Steam Pumps— Rules for proportion- 
ing same — Rules for ascertaining Capabilities of various sizes of 
Steam Pumps — ** Duplex" Steam Pumps — Boiler Power — Com- 
pound Steam Pumps — Nominal H.P. — Indicated H.P. . . 42-51 



VI 



Pumping and Water Power 



CHAPTER VII 

Centrifugal Pumps— Arrangement of— Advantages of 



PACKS 

52-55 



CHAPTER VIII 

Hydraulic Power Machinery — Principles of Action Estimating the 
Power — Pressure obtained by Head of Water — The Hydraulic Press 
— Lifts — Hoists — Accumulators — Hydraulic Jacks — Telescopic 
Rams — Controlling Valves 



56-64 



CHAPTER IX 

Hydraulic Rams — Simplest Form of Rams— General Description of 
Action — Delivery of Water — Efficiency of Rams — Variety of Streams 
— Quantity delivered by Streams — H.P. of Falling Water 



65-73 



CHAPTER X 

Waterwheels — Law of Falling Bodies— Estimating Time, Quantity, 
and Force of Falling Water — Description of Waterwheels — Shape 
of Buckets — Floating Mill Wheel — Undershot Wheel — Breast 
Wheels — Overshot Wheel — Poncelet Wheel — H.P. of Water- 
wheels — Conveying Power from Wheels — Lever Powers, Pulleys . 



74-84 



CHAPTER XI 

Turbines — ^Varieties of — Adaptations of different Classes of — Outward, 
Inward, and Downward Flow Turbines — General Arrangement — 
Quantity of Water Required — Speed — Power .... 



85-91 



CHAPTER XII 

"Pelton WTieels" — Their Adaptation and Power — Arrangement of 
Buckets — Speed of Wheels 



92-95 



CHAPTER XIII 
Water Pressure Engines — Rotary and. Oscillating . 



96-98 



CHAPTER XIV 

Well Boring — ** Artesian" Wells — Sizes of Bores— Description and 

Cost of Tools — ** Abyssinian " Tube Wells 99-103 



General Remarks rt Hydraulic Power 



104 



Contents 



Vll 



HYDRAULIC MEMORANDA AND TABLES 

Hydraulic Memoranda 

TABLES 

I. Table of Areas of Circles 



II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 



Squares, Cubes, Square Roots, and Cube Roots . 
Loss of Pressure by Friction in Pipes . 
Weight of Water at DiflFerent Temperatures . 
Weight and Quantity of Water in one Foot of Pipe 
Average Pressures of Expanded Steam 
Volume of Steam at Various Pressures 
Theoretical Velocity of Water 
Downward Flow Turbines . 
Pressure of Water 



PAGES 


106-108 


109 


1 10 


III 


112 


112 


"3 


"3 


"4 


115 


116 



INDEX 



117 



PREFACE 

That an ounce of Practical knowledge, intelligently applied, 
is worth a pound of Theory, may be accepted as an Axio- 
matic truth. At the same time, it must be recognised that a 
combination of Theoretical and Practical acquaintance with 
any subject, affords the possessor immense advantages in 
making the best use of his knowledge of the subject in 
question. 

In no branch of Science has greater progress been made 
in one Century than in that of " Engineering," and so various 
and complex are the subjects with which an Engineer of the 
present day must be in touch, that it is an utter impossibility 
for any man (who does not devote almost exclusive attention 
to one only of the branches of his profession) to keep himself 
posted in the numerous matters that he must of necessity 
recognise. 

I venture to assert that few subjects are less generally 
included in an average Engineer's repertoire of knowledge 
than that of Hydraulics, unless his practice has led him to an 
especial study of the subject. 

During the past forty years' Practice as an Engineer in 
various parts of the world I have been frequently impressed 
by finding, even amongst experienced Engineers (apart from 
ordinary users and purchasers of Hydraulic machinery), only 
a very superficial knowledge of some of the most important 
considerations relative to Pumping and Water Power. 
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X Pumping and Water Power 

I have also observed that there appears to be a dearth of 
Simple, Practical Literature treating upon these subjects. 

Although many works have been written embracing the 
subject of Hydraulic work, Pumping appliances, and the 
application of Hydraulic Power, they usually treat of some 
especial feature or branch of the subject, or of mechanical 
details of construction. Or they are too costly to be within 
the reach of Mechanics, Students, and others to whom a 
general explanation of the Laws of Hydralilics and their 
practical application would be serviceable. I venture to 
hope that the present Treatise may meet a necessity in this 
respect. 

Having been for a number of years occupied in arrang- 
ing for, and directing the construction of. Pumping and 
Hydraulic Power works for a variety of purposes, I have 
necessarily recognised the points to which the greatest atten- 
tion should be given, as well as those in respect of which the 
most misconception exists, so that even Engineers in 
advanced practice may possibly find items of use and 
interest in the following pages. I have no intention of 
entering into the higher grades of the subjects herein treated 
of, wishing to confine the subject-matter to a small space, 
and giving only such Data as may enable those desiring to 
pursue any of the subjects further to do so intelligently and 
methodically. 

In these times of keen business competition it is incumbent 
upon every Manufacturer to extol the merits of his own 
goods, and it is equally the r61e of the intending Purchaser to 
obtain the class of goods best suited to his needs. 

Dealing with our own Subject, anyone having in view the 
use of Pumping or Water Power plant, applies to some firm 
of Manufacturers, who (it may be taken for granted) recom- 
mend such apparatus as they are interested in. It may be 
the best for the purpose, or other systems or machines may 
be more suitable. If the purchaser can go about the business 
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with a reasonable amount of knowledge as to the plant best 
fitted for his purpose, he is in a position to decide with 
judgment, and can confidently approach the Manufacturers 
of the especial class of apparatus he needs. A study of the 
following Treatise should serve to assist such intending users 
of Hydraulic Machinery, or those engaged in erecting same, 
to lay out their work with confidence in the result. 

In order that the book may be easily within the reach of 
all, the various subjects have been treated of as concisely as 
possible, costly illustrations have been avoided, and such out- 
line sketches only given as shall serve to elucidate the matter 
they refer to, though not intended as guides to actual 
Mechanical construction, such detail being outside the 
province of this work. 

FRED. A. BRADLEY. 

Durban, Natal, 

February 191 2. 
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CHAPTER I 

HYDRAULICS 

As the Title of this treatise implies, the proposal is to 
-consider the subject of Hydraulics, principally in relation 
to Pumping Work and to Hydraulic Power, and to offer a 
sufficient explanation of the Laws governing such Applica- 
tions, to enable those interested to work upon practical lines 
in dealing with these branches of Mechanical work. 

The object sought is not so much that of Mathematical 
exactitude of Calculations, as of furnishing those studying any 
of the subjects treated of — (with a view to their practical 
application) — with Ready rules for arriving at approximately 
correct results. 

Although many of the same conditions that apply to 
Water are equally applicable to other Liquids, it is proposed 
to deal only with the subject as relative to Water, and 
Water power. 

There are three important Laws governing Hydraulics 
which immediately concern this matter, and should be fully 
understood by all interested in the subject. 

First. — Water will always seek its own level. 

Second. — The pressure of Water is equal in all directions. 

Third. — The pressure of Water is in direct proportion to its 
depth or height^ irrespective of its volume. 

First. — Water will always seek its own levels and that level 
-will be the lowest to which it can attain. 

I A 



2 Pumping and Water Power 

It does not matter how tortuous a path it has to go, or 
how far it has to travel, it will find its way, unless it should 
be obstructed by artificial means, or unless it finds outlet at 
a lower /eve/ tham its starting-point. 

This Law is accountable for many Natural Phenomena, 
which it is needless now to refer to, since they do not largely 
concern the matters under present study, but its bearing 
upon the behaviour of water, when confined in vessels or 
flowing through pipes, is material to our subject. 

If a number of vessels of various shapes and capacities be 
all connected together at their lower ends, as in fig. i, and 
water be poured into any one of these vessels at the top, it 
will be found that it will run throughout the whole range of 
the vessels until it reaches the same /eve/ in all of them, 

12 3 -^ r 6 
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Fig. I. 

irrespective of their several shapes and capacities. More- 
over, if any opening, however small, be made in the lower 
part of any one of the vessels, the whole body of water will 
find exit at such point in search of a /ower /eve/ still. 
Second. — Pressure of Water is equa/ in a// directions. 
Water presses Downward, Sideways, and Upwards with 
equal energy. When unconfined it is prevented from rising 
by the Pressure of the Atmosphere unless forced by artificial 
means, but remove that restraining force and it will press 
upwards as readily as downwards. 

When confined in a vessel closed on all sides, pressure 
brought to bear upon it at any point will cause it to exert 
equal force in all directions. So long as such pressure is 
continued, water would issue with equal energy from openings 
made in any part of the containing vessel. Thus, if a large 
water-tight bag be filled with water, and securely closed, if 
pressed upon by the hand, the water would issue in jets of 
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equal force, or velocity, from incisions made in top, at ends^ 
or sides, or at bottom. Again, if a Piston be fitted to work 
in a Cylinder, as in fig. 2, and the cylinder be partly filled 
with water, pressure being then brought to bear 
upon the Piston would cause water to flow with 
equal velocity from openings made simultane- pi- 
ously at any point, as C in the piston, and D in I \ 
the cylinder, and the water would continue so to 
issue until the piston was forced to the bottom 
of the cylinder. ^ 

Fig 2 

The measure of the energy of such issuing * ' 

jet is readily determined thus: — Presuming that the area 
of the Piston is 20 circular ins., and that a pressure of 
I lb. is exerted upon the piston to force it downward, 
then the issuing force of the jets would be ^^^ of a lb. per 
circular inch. 

In other words, if the openings are made I circular in. 
in size, it would take a pressure of ^ of a lb., applied at either 
opening, to stop the flow, so long as a pressure of i lb. is 
employed to force the piston down. If a force of 2 lbs. be 
employed, then the issuing jet would have a pressure of ^ 
of a lb. And this would be the case wherever the openings 
are situated, either in the cylinder or the piston, and whether 
the jets issue upwards^ sideways, or downwards. 

Thlrd,-^ TAe pressure of Water is in proportion to its vertical 
height or depth, irrespective of its volume. 

This is probably the most important, and at the same time 
the least understood, of the Laws relating to Hydraulics. It 
applies to water at rest, as well as to water in motion, and is 
as applicable to an ocean as to a glass of water. The non- 
recognition, or ignorance, respecting this property of water 
is responsible for a great number of serious accidents, as well 
as being the cause of large expenditure in the execution of 
works, that might have been avoided, had due attention been 
given to it. 

It is frequently taken for granted that the pressure exerted 
by a body of water largely depends upon its extent, quantity, 
or volume. The weight of any given quantity of water, of 

A 2 
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course, is so influenced, but not the pressure it would produce 
upon any given surface. 

Let A and B, fig. 3, represent two Water Vessels, of the 
same height from c to rf, and each having the same area of 

base ef to //', but the vessel A 
having a neck of small siz?, 
whilst B is much larger at the 
top than at the bottom. 

If both vessels be filled with 
water the pressure upon the base 
will be the same in either case, 
and in A the total pressure upon 
the base ^/will be much greater than that due merely to the 
actual weight of water contained in the vessel. On the other 
hand, in the case of the vessel B the total pressure upon the base 
e' f will be much less than that due to the weight of the water. 
No matter to what height the neck of A or the large part 
of B be extended, if the height of each vessel be made the 
same, then the pressure upon their respective bases will be 
still alike. Such pressure will be in exact proportion to the 
vertical height of each, and this (for approximate mental 
calculation) may be taken at \ lb. per sq. in. of area of 
the base ef or ^ f\ for each foot in height from base to 
water level. More exactly, the approximate pressure is ^ of 
a pound per sq. in., or the actual pressure '4335 lb. 
per sq. in. To simplify calculations, the pressure will be 
assumed to be '434 lb. per sq. in. for each foot of vertical 
height in the following notes and examples, which is 
sufficiently exact for all practical purposes. As a proof 
that the pressure is alike on the bottom of each vessel, 
presume that a small pipe, as shown in dotted lines in 
fig- 3> be so fixed as to connect the bottoms of the two 
vessels, it would be found that the water levels in each vessel 
would still remain the same. If the greater weight of water 
in vessel B gave a greater pressure than the smaller weight 
in A, then the water would be forced into A until it over- 
flowed, and it would continue to overflow until the same 
weight of water remained in B as was contained in A, but 
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that does not take place, and would not take place, no matter 
to what height the vessels might be extended. 

Thus it will be seen how mistaken is the very common 
supposition that the pressure of water to be obtained from a 
large elevated tank would be greater than that from a smaller 
one at the same elevation, or that more pressure per square 
inch can be obtained by using a large pipe from a water 
supply than would be the case by using a smaller pipe 
(leaving the question oi friction at present out of consideration). 

Further to illustrate the bearing of this most important 
Law governing the behaviour of Liquids : — Let N and P, 
fig. 4, be supposed to represent 
two water-tight Casks, 2 ft. in 
height, standing upon a solid 
base. Into N is fitted a pipe 
I in. in diametw and 40 ft. in 
height. Into P is fitted a pipe 
12 ins. in diameter and 40 ft. 
high. These pipes and casks 
being each filled with water to ^ 

the tops g and A, then the pres 

sure per square inch brought to 

bear upon each Cask would be 

found to be precisely the same 

upon the tops, sides, and bottoms respectively, although the 

total weight of water bearing upon the bottom of the cask P 

would greatly exceed that bearing upon the bottom of N. H 

If pressure gauges were fixed at x xxx^ they would be 
found to register the same pressure in pounds per square 
inch all round (save that the lower gauges would register 
about I lb. more than the upper ones, due to the 2 ft. difference 
in their height). 

This pressure would be 40 x '434 =17 J lbs. per sq. in.^ 
and since water presses equally in all directions, this force 
would be exerted upon every square inch of the superficial 
area of the Casks. 

If, say, another 40 or 50 ft. of 12-in. pipe be added to the 
pipe on Cask P, a pressure of 35 or 40 lbs. per sq. in. would 
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be brought to bear upon the cask, and it would probably be 
rent to pieces, but no sooner than would be the case with 
Cask N, if another 40 or 50 ft, of even J-in. pipe, be added to 
the height of the pipe leading thereto. As before pointed 
out, the dead weight upon the bottom of cask P would be 
greatly in excess of that upon the bottom of cask N. The 
weight of water in i ft. of pipe of i cylindrical in. area 
^ "2842 lb. ; that in i ft. of pipe 1 2 cylindrical ins. in area 
= 49*1 lbs. So that in addition to the weight of water in the 
cask itself, the bottom of N would have to sustain upon every 
square inch a weight of 40 ft x '2842 = 1 1*36 lbs., that of P a 
weight of 40 ft. X 49' I = 1964 lbs. So that, although at first 
sight it would appear as if the Cask P would have to sustain 
a much greater pressure due to the extra body of water in 
the i2-in. pipe than the Cask N would be subjected to by the 
smaller column, this extra weight is found to affect the bottom 
of the cask only, tending to force it out if unsupported. 

It follows, then, that in order to ascertain the amount of 
pressure upon any given surface due to a column of water, all 
that is required is to multiply the square inches of the surface 
pressed upon, by the vertical height of the column or body of 
water in feet, and by '434 (or by the fraction ^), or the square 
feet in the surface pressed upon by the vertical height of 
column in feet, and by 625 lbs. Or more readily for mental 
calculation (but not quite so correctly), take one-half of the 
height of the column in feet as representing pounds pressure 
per square inch, and multiply into square inches of area 
pressed upon. 

From the foregoing remarks it will be seen that a large 
column of water can be balanced by a vastly smaller one, and 
that without regard to their relative areas. 

If two Stand-pipes (see fig. 5) R and S, of 2 ins. diameter 
and 2 ft diameter respectively, and both 50 ft high, be con- 
nected together at bottom by a pipe P (the diameter of which 
is immaterial), and both be filled with water, then the water 
column in R will balance the water column in S, so that the 
same level is maintained in each. The weight of water in the 
2-in. diameter pipe R = 22xsox*34i lb. = 68-20 lbs. The 
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weight of water in the 2-ft. diameter pipe S = 242x 50X '341 
lb. = 9820 lbs., but still they balance. 

The pressure per square inch due to the head of water at the 
bottom of either stand-pipe = 50 ft. x '434 lb. = 217 lbs. per 
sq. in. Now suppose the large stand-pipe S to be cut off at 
wWy as in fig. 6, the upper part removed, and a weighted 
cover, water-tight, laid over the opening at ;r. If R be then 
filled with water, a weight of 9820 lbs. must be placed upon 
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the cover to prevent its being raised from its seat, ix, the 
same weight as that of the column of water removed by the 
cutting off oif the stand-pipe S at z«/ z«/. 

To prove this further : — The pressure due to the height of 
the water column (never mind its weight) in R is, as already 
seen, 217 lbs. per sq. in. at the bottom. The area of the 
large stand-pipe 24 ins. diameter = 452*3 sq. ins. Then 
452*3 sq. ins. X217 lbs. = 98i5 lbs., total pressure tending to 
raise the cover plate w w, or practically the same as the 
weight of the column of water removed. 



CHAPTER II 

ATMOSPHERIC PRESSURE 

Before proceeding to the consideration of any Practical 
Application of the foregoing explanations, it is desirable to 
make some remarks relative to what is termed Suction of 
Water. 

" Light as air " is a saying frequently heard repeated, signi- 
fying that the element referred to in the comparison has 
little or no actual weight. The comparison is, however, 
inexact scientifically, since the air or atmosphere has a posi- 
tive weight and a not inconsiderable one. 

Every portion of the Earth's surface, and all things upon 
it, sustain a pressure due to the weight of the atmosphere 
enwrapping the Globe. It was not until about the middle 
of the 17th century that a pupil of the great scientist Galileo^ 
by careful and interesting experiment, clearly proved what 
that weight amounted to. He satisfactorily demonstrated 
(and subsequent inquirers fully endorsed his conclusions) 
that the weight of the atmosphere at the sea level is equal 
to that of a column of Mercury 30 ins. high, or that of a 
column of Water 34 ft. high. Thus, at sea level, the pressure 
of the air is about 14I lbs. per sq. in., but it is usually 
estimated in round numbers as being 15 lbs. per sq. in. 
Such being the case, it follows that, if a vertical pipe be 
inserted in a body of water so that its lower end is always 
kept beneath the surface, then, by withdrawing the air from 
the pipe, we create therein a Vacuum (or a space void of 
any pressure) ; but, as the water outside of the pipe remains 
subject to this atmospheric pressure of 15 lbs. per sq. in., 

8 
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it IS forced up the pipe into the vacant space caused by 
the withdrawal of the air, to a height (34 ft.) at which it 
would balance the Atmospheric pressure, and will remain so 
balanced as long as the Vacuum is maintained in the pipe. 

It is possible to exhaust the air, and to produce a Vacuum 
in the pipe to a much greater height than 34 ft., but the 
water will not follow it, since it can only rise to the height it 
is forced to by the pressure of the atmosphere, and that is 
but 15 lbs, per sq. in.y equal to a column of water 34/"/. high. 

It follows that by means of a Pump, placed a certain 
height above the water (theoretically not exceeding 34 ft. 
vertically), the air can be exhausted from the Suction pipe 
{i.e, the pipe leading from the pump into the water) and the 
water raised into the pump barrel, there to be dealt with by 
Mechanical arrangements. Although, theoretically, this can 
be effected for a height of 34 ft, practically the limit is below 
this, since constructive defects, wear and tear of moving parts, 
etc., seldom allow of a perfect vacuum being produced to 
that extent. 

In Actual Practice it is always desirable not to exceed 
28 ft. or 30 ft. of vertical " Suction," and even if this can be 
reduced to 20 ft, it is better, as it affords greater certainty in 
the pump ciction. 

It should, moreover, be borne in mind that, since the 
efficiency of Suction is dependent upon the Pressure of the 
Atmosphere, which pressure decreases in proportion as the 
location of the pump is higher than the sea-level, this eleva- 
tion is a material factor to be dealt with. 

The following Table of Atmospheric Pressures at various 
Heights will be found of service in this connection : — 

At sea-level pressure of 

atmosphere 
At \ mile above sea-level 

» 2 » 






» * >» » » >> 



>» '2 » 



»> »» »» 



-bs. per 
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Height of. 
Water Column. 
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It will thus be seen that in fixing a pump at an elevation of, 
say, 5000 ft. above sea-level, it will not do to depend upon 
drawing water by suction from so great a depth as at sea- 
level by about 6 ft. . 

From the foregoing remarks it will be evident that the 
question of Efficient Suction is one of much moment in all 
Pumping Installations. 

It should be accepted as an Axiom that the less the vertical 
suction, the less the liability to trouble with any Pumping 
appliance. A well-fitted, newly erected' pump may work 
efficiently well with a fairly heavy suction, but as the pump 
bucket, or piston, wears by its friction with the pump barrel, 
so the efficacy of the suction power of the pump is liable to 
diminishment, and the longer the vertical suction, the more 
frequently repairs will be needed. 

The length of Horizontal Suction pipe is largely immaterial, 
since no work other than that of overcoming any frictional 
resistance of the flow of water in the pipe is entailed thereby. 
It is, however, most essential in maintaining a good suction, 
that all joints should be perfectly air-tight, and it is always 
desirable to have as few of these as possible. 

It will thus be understood that in estimating the Suction 
" duty " the vertical height of same need alone be counted as 
actual work. 

Thus, if a Suction pipe be laid along a slope of any great 
length from the Pump to the Water, the actual *' Suction " 
to be reckoned with is only that of the difference of level 
between the bottom valve of the pump and the water from 
which the supply is drawn. 

A Suction pipe should be about two-thirds the diameter of 
the pump barrel in a Double-acting pump, and should always 
(if it is in excess of S or 6 ft. in length vertically) be provided 
with a " Foot-valve " at its lower end, which, whilst admitting 
water to the pipe, will prevent its return (see fig. 7), the 
aggregate area of the perforations in the strainer of which 
should be from two to two and a half times the area of the 
Suction pipe. 

It is found that the greatest speed at which water will 
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flow in a Suction' pipe is 500 ft. per minute, but in practice 
the speed of flow should not exceed 300 ft per minute to 
ensure a full supply. 

There are few people who have not had occasion to pump 
water from a well by means of an ordinary "lever-handle" 
pump, and they will readily recognise the object - lesson 
thereby afforded. At the first stroke of the lever there 
seems to be no result ; at the second or third a little resistance 
is felt, that is because a little air has been pumped out, and 
the water has risen a short distance in the suction pipe, the 
Vacuum pulling against the operator. At each succeeding 
stroke the machine gives out a different " tone," and requires 
less of a " pull," if there is a Foot-valve on the lower end of 
the Suction pipe; but, if there is not such a valve, then the 



Fio. 7. Fio. & 

pull becomes heavier as the water rises in the pipe, as its 
increasing weight is tending more and more to draw it back, 
■' to find its own level " ; this is usually termed the " pull " 
of the Suction. 

The rise of the water in the Suction pipe can be almost 
felt by the operator at the pump handle, until at length the 
water flows out at the pump nozzle. 

A Vacuum such as that I have described can only be 
produced when dealing with clean fresh water. In pumping 
Salt water, it will be readily understood from a comparison 
of the relative specific gravities of Fresh and Salt water, 
that the latter, being heavier than the former, cannot be 
be raised by Suction from so great a depth. Presuming 
that it is possible to raise Fresh water by suction 28 ft., 
then it would be unsafe to depend upon raising Salt water 
more than about 23 ft. to 24 ft. 
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In dealing with any other liquid than Clear Cold Water 
consideration should always be -carefully given to this point. 
Thus, in pumping up Sewage, Tar, Syrup, etc., by Suction^ 
allowance must be made for the density of the material to be 
pumped, and in correspondence therewith. The more foreign 
matter the liquid contains, the less should be the Vertical 
Suction. 

In pumping Warm, or Hot liquids, another important 
element has to be taken into account. Water boils at 212** 
Fahr. when under the full pressure of the Atmosphere at sea 
level ; if any of that pressure is exhausted or removed (by 
artificial means, or owing to difference of level), then it would 
vaporise much sooner, and in direct proportions to the reduc- 
tion of Atmospheric pressure, i.e. to the degree of Vacuum. 
No other proof of this is needed than the well-known fact 
that water will boil at the top of a high mountain (where the 
atmospheric pressure is less than at the sea level) at much 
below 212**. 

If an attempt be made to create a Vacuum over Hot water,. 
it will commence to vaporise, and such vapour will destroy 
the Vacuum and prevent Suction by a pump. 

When liquid is very hot, it will not be found possible to 
raise it by Suction at all, but the pump must be so placed that 
the liquid will run into the pump barrel by gravitation, and 
it can then be forced to any required height. 

The Syphon 

It will not be inappropriate in connection with this subject 
of Pressure and Vacuum to introduce some remarks relative 
to the Syphon. 

In any practical application this usually takes the form of 
the bent tube or pipe shown in fig. 9. If a piece of tube 
be bent into the shape shown in the illustration, with the 
leg B of greater length than the leg A, and then be filled 
with water, and the ends stopped, and- it be placed with one 
of the legs in a vessel of water as in the figure, upon removing 
the stoppers the water will be found to flow out at the open 
end of B with a velocity proportionate to the difference \n 
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level betwixt the level of B and that of the water C C in the 
vessel. It will, moreover, continue to flow (but with a gradu- 
ally diminishing velocity) until the water is lowered to the 
level of the open end of A, when air will rush through and 
the flow will cease. If, however, 
the outer leg B of the Syphon 
were to be prolonged (as shown 
in dotted lines) to B', and the 
inner one to the bottom of the 
vessel, then (provided always that 
the level of the open end B' is 
below that of the submerged 
end A') the flow would continue 
until the water was quite withdrawn from the vessel. 

The principle upon which the Syphon acts is in full 
accordance with those already explained. The tube being 
filled with water and the stoppers removed, the water in the 
longer leg from B to C (C C being the level of the water 
in the vessel) begins to flow out with a greater velocity than 
that with which it rises in the shorter leg A to C, and thus 
tends to produce a Vacuum at the highest part of the bend D. 
The water in leg D A, pressed upon by the Atmosphere, rises 
immediately to fill this Vacuum, and thus being set in motion 
will continue to flow so long as the column of water in the 
shorter leg is less than that in the longer leg. The greater the 
difference in level betwixt A and C C, the more rapid will 
be the flow, and it will diminish in rapidity the nearer these 
levels approximate. 

As a Natural machine the Syphon can be applied to very 
many useful purposes, such as emptying vessels that cannot 
well be overturned and have no outlet, or conveying water 
from one side of an elevation to the other side. It is fre- 
quently so applied in Water- works. Irrigation-works, or 
Drainage-works. Thus, in fig. 10, suppose it is desired to 
drain a Ditch or Swamp on one side of a hill F, into a River 
or Stream G, at a lower level on the other side : — A pipe may 
be laid from a drain, or catch-pit, at H, over the hill F to the 
River, and if all the joints be made perfectly air-tight, the 
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water may be " syphoned " over as required. The length of 
the horizontal pipe at the top of the hill K being to a great 
extent immaterial. 

In such an installation a Stop-valve would be needed at 





Fig. 10. 

the foot of each leg, and an opening at K with an air-tight 
cover through which the Syphon may be charged. In Practice 
it is usual to place an Air chamber at K with a stop-valve^ 

and a removable cover, arranged somewhat as 
C in the sketch (fig. 1 1, A, being an Air-vessel ; 

C, Air-tight Cover ; D, Stop-valve). To charge 
the Syphon the cover is removed and the Stop- 
valve opened, and the Valves at the bottom 
of the Legs closed. Water is then poured 
in until both Legs and the Air-vessel are 
entirely filled. The cover is replaced and 
fastened down air-tight. The valve at H 
and that at G being now opened, the water 
will flow through the longer leg N. As water 
carries with it some amount of air, this will 
begin to collect at the highest point (the Air- 
vessel), until after a short time it will fill the Air-vessel, and, 
if not allowed to escape, will also fill the upper part of the 
bend at K, and stop the flow. When, however, the Air-vessel 
is full of air, the Stop-valve at D should be closed, and the 
cover removed to let out the air, the vessel filled with water. 
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cover replaced, and valve D opened. The flow will then be 
maintained until air again accumulates, when the operation 
must be repeated. (This operation can, of course, be con- 
trolled by Automatic arrangements.) 

As the action of a Syphon is dependent upon Atmospheric 
pressure balancing the column of water in what may be 
called the " Suction Leg " (D to A, fig. 9, or K to H, fig. loX 
the vertical height must not exceed about 28 ft. above the 
lowest level of the water in the reservoir it is drawing ^t?w, 
but there is no restriction as concerns the length of the 
" Delivery Leg " N, provided it always exceeds the Vertical 
length of the Suction side of the Syphon. 

Water Flowing by Gravitation 

Before proceeding to the consideration of raising, or 
forcing water by Mechanical Appliances, it will be well to 
devote a little attention to some points affecting the behaviour 
of liquids when flowing through pipes by Gravitation only. 

Foregoing remarks have dealt, chiefly, with questions 
affecting water at Rest. or when flowing into a Vacuum, but 
there are some other conditions obtaining with Flowing 
Water, which may be briefly referred to. 

It has been explained that a column of water when con-^ 
fined in a pipe, or a vessel, exerts a pressure at its base equal 
to '434 lb. per sq. in. for every foot of height of the 
column, and so long as the water remains at rest, this is 
maintained. If, however, some outlet be made at the lower 
part of the containing vessel, allowing a Jet of water ta 
escape, whilst sufficient water still enters the top of the 
vessel to keep it full, it will then be found that a diminution 
of pressure occurs at the bottom part of the vessel proportion- 
ate to the Velocity of the escaping Jet. To illustrate this, 
suppose two vessels M and N, fig. 12, connected together at 
their lower ends, be filled with water to the level O O'. If 
the tap at P be opened to allow a jet of water to escape, at 
the same time that water is allowed to flow into the vessel at 
the top, in sufficient quantity to maintain the level at O in 
M, it will be found that this level will not be maintained 
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in the vessel N, but will sink below the level of O', to a 
determinate distance according to the force of the jet issuing 
from P. If this outflow did not diminish the pressure due 
to the " head " of water in M, then the level of the water in 

N would have remained un- 
disturbed, since by keeping 
the vessel M constantlv full 
to the level O, the same 
" head " has been maintained. 
In order to define the cause 
of this fall of pressure, it is 
essential to offer some further 
explanation of that which 
constitutes what is termed a 
Head of Water. It embraces 
three divisions, viz. : — 

1. The '^ Entry Head!' required to overcome such resistance 
as may occur through the passing of the water into the outlet 
pipe, due to eddies set up consequent upon change of 
direction of pressures. 

2. The ** Friction Head,'* required to overcome the retarding 
effect of the Attrition of the moving water against the sides 
of the vessel. 

3. The *' Velocity Head]' or the head required to give to 
the water the energy needed to maintain a uniform velocity 
of flow from the containing reservoir. 

At present it need only be pointed out that the influence 
of the ''Entry'' and "i^r/V//^«a/" resistances in above, being 
factors in the effect which would otherwise be produced 
by the /«// pressure of the column of water in M, fig. 12, are 
responsible for the lowering of the level of the water in N, 
and that the measure of these effects cannot be ascertained 
apart from the question of the Velocity of the issuing Jet 
at P. 

It is necessary here to more fully consider the term 
" Velocity," as applied to " Hydraulics." It is incidental to the 
Law of Falling Bodies (that is, bodies descending by force of 
Gravitation from any Height to a Lower elevation). Thus 
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water, in common with solids, acquires velocity whilst falling 
through a certain distance, and the measure of this velocity is 
expressed in the formula 

y being the velocity in feet per second. 

H being the height in feet through which it falls. 

Table IX. gives the Velocities for various Heads as derived 
from this formula. As these Velocities refer to substances 
falling " in vacuo " (or unopposed by extraneous influences), 
they are termed "Theoretical Velocities,*' and, of course,, 
require modifying according to conditions when used in 
reference to the flow of water in pipes or vessels. 

Now, since the velocity of water is dependent upon the 
height of its " Head " above the issuing point (as P, in fig. 12)^ 
it is obvious that the greater the "head " of water in, say, a 
reservoir as M, the larger the quantity it would deliver 
through a certain size of pipe P. 

The Theoretical Discharge, in Gallons per Minute, through 
a certain size of pipe under a given " Head " may be found 
by the formula 

G being gallons discharged per minute. 
D being diameter of pipe in inches. 

It should be here noted that the " Velocity Head " remains 
the same for any length of pipe (as at P), being merely 
dependent upon the " Velocity " of the water in the pipe. 

The " Entry Head " may be ordinarily assumed to bq about 
one-half the " Velocity Head." 

Having dealt with the questions of " Entry Head '* and 
"Velocity Head," that of '^Friction Head** may now claim 
attention. This is a factor of very great importance in 
all considerations relative to Flowing Water, and in this 
connection of water passing through vessels and pipes by 
Gravitation, it must be dealt with as a modification of the 
results of any calculations under the foregoing Rules. 

Having ascertained the Theoretical quantity of dischai^e^ 

it is requisite to find the amount of the Friction to be over- 
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come, in terms of a certain additional '' Head/' to those 
already due to "Entry " and " Velocity.'* 
The formula for this is 

or, to put it into words, the " Friction Head" (H) is equal to 
the square of the number of gallons /^r minute (G^), multiplied 
by the length of the pipe in yards (L), and this sum divided 
by the " fifth power " of three times the diameter of the pipe 
in inches (3'')^ = head due to Friction. 

The resultant (H) represents the loss of Efficient " Head," 
or, in other words, the " head " that must be added to that 
of "Velocity" and "Entry" to ensure a full flow as per 
"' Theoretical Discharge " referred to above. 

Returning now to the question of the variation in the levels 
of the water in the two vessels M and N, fig. 12, this difference 
in level will be found to amount to the total of the " Heads " 
required to overcome the resistances due to "Entry'' and 
" Velocity " added to the Friction of the water in the vessel 
M, whilst descending from the level at O to that of the 
discharge orifice at P. 

Although now referring to water flowing by " Gravitation " 
(as will be more definitely explained later on), the formula 
given above in relation to " Friction " applies in like manner 
to Pumping work, the " Friction Head " then representing a 
resistance, to be dealt with by the Pumping power. 

" Hydraulic Mean Grade " 

The above-mentioned components of the total " Head " 
are also factors in the production of certain effects in long 
lengths of pipes incidental to what is known ordinarily as the 
*' Hydraulic Grade Line " of water flowing by Gravitation. 
Although the matter does not materially influence Pumping 
operations, it is so far kindred to the subject as to demand 
some little consideration. 

Suppose fig. 13 to represent a long length of Pipe main, 
a a a a a, following the contour of the ground, and having 
its outlet at X, which main is kept supplied from a Tank or 
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elevated Reservoir. A number of Vertical Pipes, open at their 
upper ends, and marked A B C D E F, are presumed to be 
situated upon, and connected with, the said Pipe line. If the 
outlet at X be closed, the water will come to rest in the Pipe 
line and in the Vertical pipes, at a uniform level throughout, 
•coinciding with the Level of the Water in the Reservoir, and 
would so remain so long as no Flow took place. 

Suppose the outlet at X to be then opened, allowing the 
full flow of the water from the Reservoir, it will be found 
that the water level in the Vertical pipes will be progres- 
sively lowered all along the length of the System, and will 
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assume a level indicated at each Stand pipe by a line drawn 
from the Friction Head level in the Reservoir (say at O) to 
the opening at X, this Imaginary line constituting the 
** Hydraulic Grade Line " in this example. 

It would also be found in practice that these levels in the 
"Stand Pipes" (if the Main pipe were of uniform diameter 
throughout) would not be materially affected by vertical 
sinuosities in the Main pipe, neither would any loss of Useful 
effect occur thereby, always provided that it did not at any 
point rise adove the level of the Grade line O X. 

Let it be assumed, however, that between C and D of the 

Vertical pipes the Main pipe rises to P (a point above the 

•Grade line O X) and then falls to G, the position of things is 

B 2 
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altered, and that portion of the pipe between the points 
R and S will be liable to an accumulation of air as 
in a Syphon (which, indeed, that part of the pipe R P S 
becomes). Any effective " Head " between P and S is lost ; 
Hydraulic Grade now being from O to P (as shown in dotted 
lines), then dropping to G, and thence (parallel with O P) 
from G to X. 

The water descending by Gravity from P to G would have 
a greater velocity (due to its Head P to G) than that due to any 
fall or Head between O and P, so that the pipes from P to X 
would only be partially filled. 

Instead of the pipe being of a uniform diameter throughout,, 
that part between O and P (following, of course, the Ground 
Contour) should be larger than that betwixt P and X, in 
order that it should (with the Head due to vertical height 
between F and N) supply sufficient flow to fill the pipes from 
P to X, which would have a Head equal to N to X. 

It may also be noted that (supposing the Figure were 
drawn to scale) any vertical distance from Grade line O X to 
horizontal line XZ will give the Friction head between 
W and B. 

It should be understood from the foregoing remarks that, 
under the conditions referred to, the " Effective Head *' of 
Pressure to deliver Water from O to X would resolve itself only 
to that due to the Head (vertically only) between the 
horizontal line A to F and the highest point P of the Pipe line. 

Many vital and interesting points arise in connection with 
this matter of Hydraulic Grade, and anyone interested in 
laying long lines of Pipes over irregular ground should pursue 
the subject more fully than its connection with the Elementary 
views of this present work would warrant. 

In all questions of Water Supply it is indeed a necessity^ 
that a study should be made of this particular subject. 



CHAPTER III 

PUMPING WORK 

From foregoing explanations it will be understood that in 
Pumping or Forcing Water, or other Liquids, to an elevation 
above the level of the Mechanical appliance used for the 
purpose, the opposing influences are : — 

1. The pressure of the water due to its **Head^' conse- 
quent upon the Vertical height of the column of water to be 
moved, which pressure equals '434 of a pound upon every 
square inch of the impulsive surface, for every foot of 
Vertical height of column, irrespective of the area of the 
column itself. 

2. The additional pressure due to the Friction Heady 
which varies according to the area and length of the pipes, 
and the Velocity of the water passing through it. 

3. The Inertia of the mass of water contained in the 
pipes, which amounts to the weight of a cylindrical column 
of water, of the. area of the impulsive surface (presumably a 
Pump Bucket, or Piston), and of a height equal to the vertical 
distance of the Motive power from the point of delivery. 
This Inertia must be overcome in order to keep the column 
of water in motion. 

It may be taken for granted that it is quite immaterial, so 
far as the first and third items are concerned, whether the 
delivery main is Vertical, or has an indefinite Inclined lengfth. 
The Resistances in these relations are estimated upon the 
Vertical distance, since this alone defines the distance the 
Jiquid has to be Lifted or Forced. 

As concerns the second item, the element of the length of 
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Main pipe has an important bearing upon the work entailed^ 
since Frictional resistance to the motion of the liquid occurs 
throughout the entire length of the pipe line. 

These points being duly borne in mind, an advance may 
now be made to the consideration of the best Mechanical 
arrangements for meeting the Conditions. 

It is not proposed to attempt any detailed description of 
the Mechanism of the numerous varieties of Pumps (since 
they are as multifarious as the purpose to which they are 
applicable), but more particularly to set forth the conditions 
that should govern the selection of the class of Pumpin;^: 
apparatus for any Special purpose, and the points which 
should be studied, when deciding upon the size to be adopted,, 
and its most favourable Installation. 

Hand-pumps (or pumps worked by Manual power) may 
first claim attention. Of this class the ** Barrel Pump," with 
reciprocating bucket, or piston, is the most largely used. 
These may be '* Single-acting *' or ** Double-acting," " Vertical " 
or " Horizontal. " 

A "Single-acting" Pump requires to make an In-strqke,. 
and also an Out-stroke, to deliver one charge of liquid ; con- 
sequently, the flow is intermittent. 

A '* Double-acting " Pump, or a two-barrel pump, on the 
other hand, delivers a charge of liquid at each in-stroke^ 
and each out-stroke, thus making the flow approximately 
continuous. Or this result of continuous flow may be 
attained by means of what is known as a ** Bucket and 
Plunger," or a "Piston and Plung«r" pump, which discharges 
one-half of the contents of the pump at each in-stroke, and 
one-half at each out-stroke, in a continuous flow. A Pump- 
may be either a. Lift Pump, raising the water by " Suction " 
to the Pump barrel, and there discharging, or it may be a 
" Lift and Force" pump, raising water by Suction to the level 
of the pump, and thence forcing it through suitable pipes- 
to any required height above that level. And in this- 
connection it should be noted that all those parts which are 
below the level of the Pump bucket or Piston come under 
the head of "Suction." 
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It is frequently found desirable to group two pumps together 
side by side, so arranged that both draw from the same 
Suction pipe, and deliver into the same " rising main " or 
" delivery pipe." 

As such pumps are usually worked through the medium of 
Connecting-rods, operated by a Rotating shaft, the Cranks 
are so arranged that one pump bucket is on the in-stroke, 
whilst the other is on the out-stroke. Then, although each 
barrel may be single-acting, they jointly produce a continuous 




flow, equivalent to the actioa of a Single-barrel double-acting 
pump. Or three Pump barrels may be grouped together in 
this way, giving conjointly a very steady delivery. If Double- 
acting Pumps are so grouped, they give most desirable results 
in steadiness of delivery and freedom from shocks. 

The sketches given in annexed figures will assist in more 
clearly demonstrating the several arrangements of Single- 
and Double-acting Pumps. 

Fig. 14 shows a common " Lift Pump " with Lever handle. 
A, is the Pump barrel ; B, the Suction valve ; C, the Pump 



24 Pumping and Water Poimr 

bucket or Piston, with vaive opening upwards ; D, the Piimp 
rod ; E, the Nozzle ; F, the Suction pipe. 

Fig. IS illustrates the arrangement of a common " Lift and 
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Fig. 17. 



Force " Pump, Single-acting. A, Pump barrel ; B, Suction 
valve ; C, Pump bucket and valve ; D, Delivery valve ; E, 
Delivery pipe ; F, Air vessel ; G. 
Suction pipe; L, Pump rod; M, 
Pump cover and gland or " Stuffing- 
box," in which the rod works water- 
tight. 

Fig. 16 shows a " Lift and Force " 

Pump of the "Plunger" type, also 

Single-acting. A, Pump plunger; 

...J » . B, Pump barrel; C, Suction valve; 

^^li — "Q E D, Delivery valve ; E, Suction pipe ; 

Fjg, 18. F, Delivery pipe ; G, Air vessel ; 

H, Pump rod ; J, Pump gland. 

Fig. 17 is a sketch of a " Bucket and Plunger" Lift and 

Force Pump, in which A is the Bucket ; B is the Plunger ; 

C, the Bucket valve; D, the Suction valve; E, the Delivery 

valve ; the area of A being twice that of the plunger B, and 
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the area of the annular space G one-half the area of pump 
bucket. 

Fig. 18 represents a "Double-acting" "Lift and Force" 
Pump. A, Pump bucket ; B, Pump barrel ; C C, Suction 
valves ; D D, Delivery valves ; E, Suction pipe ; F, Delivery 
pipe ; H, Pump rod ; J, Pump gland. 

Foot-valve. 

The object in making use of a Foot-valve on the Suction 
pipe is to retain the liquid in the pipe, but when the vertical 
length of the pipe is short, and direct, it may be dispensed 
with, since the labour involved in exhausting the Air and 
raising the liquid to the pump each time it is used does not 
amount to much. If there should be any considerable length 
of Suction, however, the air has to be exhausted throughout 
its entire length, before the liquid can be raised, every time 
the pump is used. When the Vertical Suction exceeds about 
12 ft., the Foot- valve should be used in all cases, and the 
reason is obvious; it is only on the up-stroke of the Single- 
acting pump that the air is exhausted, and during the time 
occupied in the Down-stroke the liquid already raised in the 
Suction pipe is liable to slip back to its " lowest level," such 
liability being the greater in proportion to the height it is 
raised in' the Suction pipe, but the Foot-valve keeps what is 
gained at each stroke, and, if properly fitted, retains the pipe 
full of liquid ready for use at the next stroke. 

Air Vessels. 

In all "Lift and Force" pumps, the use of an Air Vessel 
is strongly advocated. It is simply a hollow vessel of 
-elongated shape (usually with a height of two or three times 
its diameter for Small pumps, although there is no particular 
rule for size or capacity), placed vertically on, or in connection 
with, the Delivery pipe near to the pump, with a free opening 
from the pipes. Its function is to act as an air cushion or 
spring, since the air contained in the vessel is compressed in 
its upper part during any forcing action of the Pump, or 
Pumps, when such action is checked by the reversal of the 
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pump stroke, the resulting Elasticity acts upon the liquid! 
Column as a Spring, and tends to keep it in motion pending 
further forcing action of the Pumps, and thus equalises the 
flow of liquid and obviates shocks in the pipes. 

In Single-acting Pumps especially, the Air Vessel is a most 
useful adjunct, as the motion imparted to the water in the 
Delivery pipes by the forward stroke of the Pump piston is 
stopped entirely whilst it makes its back-stroke ; consequently, 
on the next forward stroke the inertia of the water column 
has again to be overcome, and the force required for this is 
much in excess of that needed to keep up the flow had it 
not been interrupted. The spring-like action of the com- 
pressed air in the Air Vessel in giving out its stored-up- 
energy helps to overcome the inertia of the liquid and thus 
aids the action of the Pump. In Double-acting pumps the 
delivery is steadier, but still an Air Vessel is desirable, as 
it obviates shocks in the pipes, and eases the action of the 
Pump valves. 

For ** Double-acting " pumps the following proportions of 
Air Vessel are suitable : — 



i Pressure of \ 
X X column in lbs. > x lOO 
V per sq. in. ) 

do. XOSS 

do. X 025 

The resultant in each case = Capacity of Air Vessel. 

The usual methods of attachment of Air Vessels are 
illustrated at figs. 19 and 20, in which A A, A A represent the 
Delivery pipes, B B the Air Vessels. When arranged as in 
fig. 19, the delivery pipe above the Air Vessel enters to a depth 
of about two-thirds the length of the vessel. When the pump* 
is in action water enters the Air Vessel to a point above the 
opening to the Delivery pipe at F, and prevents the access 
of more air to the vessel, whilst the forcing action of the 
Pump compresses that already stored in its upper part, thus 
forming the spring, or elastic medium, required. If placed as- 
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in fig. 20, a similar effect is produced by the compression of 
the air in the upper part of the Air Vessel. 

A Cock for the admission of air, when needed, should be 
fixed at the upper part of the vessels, since a renewal of the 
air supply is requisite from time to time. The passing liquid 
absorbs the air at a rate dependent upon the pressure to 
which it is subjected. In many cases (such as when pumping 
from very deep Mine shafts), an Air Vessel has little virtue 
on account of this liability to the absorption of the air by 
the Water column. 

Similar Vessels, especially in the case of large Pumps, or 
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Fig. 19. 



Fig. 20. 



where there is a long length of pipe, are frequently attached 
to the Suction pipes near to the Pump, and are then termed 
"Vacuum Vessels," being designed to maintain a more 
powerful vacuum in the suction, by an opposite effect to that 
of a vessel on the delivery. Air should not be admitted to 
a Vacuum Vessel when the pumps are in action, since it 
is intended that the vessel should be utilised as a vacuum 
storage instead of a reservoir of compressed air. A " Vacuum 
Vessel " should have the effect of a spring in Tension, an 
** Air Vessel '' that of a spring in Compression. 

The Author has frequently been called upon in the course 
of practice to advise as to the best method of preventing 
undue jarring and heavy working of Pump valves, especially 
in connection with High-Lift pumps. Although it is found 
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that well-proportioned Air Vessels do much to obviate this 
trouble, they do not always entirely prevent it. It is, however, 
found that few cases will not yield to the application of a 
small " Snifting valve," placed upon the Suction pipe near to 
the Pump. This Valve is so constructed that at each suction 
stroke of the pump a small " snift " of air is allowed admission 
into the Suction pipe, and slightly aerates the water, making 
it more elastic and thereby easing the pump valve. 

The decision as to the particular class of Pump to be used 
for certain work should be governed by such considerations 
as those enumerated below :— 

Is the work entailed heavier than would justify the use of 
Hand (or Manual) power? If not, can a common Lever- 
handle pump be used, or must rotary gear be used ? 

If Motive power must be resorted to, what kind shall be 
adopted ? Animal power, Wind, Water, Electricity, Gas, Oil, 
•or Steam power ? 

As local conditions must of necessity influence this point, 
it is not possible to give any actual rules thereupon. It may, 
however, be generally accepted that, when the quantity re- 
quired to be dealt with is but moderate, and can be raised in 
one or two hours daily, Hand-worked or Animal-driven 
pumping apparatus will be the least costly. Under any 
■circumstances, the following data should be obtained before 
any decision is arrived at : — 

1. What Quantity of Water has to be dealt with per day 
or per hour ? 

2. What is the vertical distance from the position the 
Pump will have to occupy to the water level in the well, 
reservoir, or receptacle from which the liquid has to be 
drawn ? 

3. What is the standing depth of the water in same ? 

4. What is the horizontal distance from the supply to the 
pump site ? 

5. To what height has the liquid to be forced above the 
site of the pump? 

6. What horizontal distance has it to be forced ? 

7. Is the liquid clean, or is it thick or foul and gritty ? 
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It will be best to take up the consideration of each of these 
points in the order in which they are given above, and to bear 
in mind that the remarks made upon each are generally 
applicable to all kinds of pumping apparatus. 

First, — The quantity of water which has to be dealt with per 
day or per hour. 

It should be well considered whether this should require 
continuous pumping for the whole day, or if it be not most 
economical under the particular circumstances to confine the 
work to a few hours daily. Although this might necessitate 
somewhat more powerful and more expensive plant than- 
would be needed were the work spread over a greater period 
of time, other items, such as saving time in attendance, shorter 
period of wear and tear of machinery, economy in fuel, 
etc., would possibly make it desirable. A decision should 
thus be arrived at as to the quantity of liquid to be dealt 
with per hour. 

In cases where a considerable quantity of Water on the 
surface is available, with an eligible position at hand for 
placing a Pumping apparatus, it may be possible to utilise 
some portion of such supply in pumping a smaller portion ta 
a higher elevation by means of a " Water-Ram,*' " Turbine," 
or " Waterwheel," and as such apparatus is well-nigh Auto- 
matic, advantages offer which make such adaptation very 
desirable. 

Later on it is proposed to offer some remarks in refer- 
ence to such Water-moved machines, but at present it is 
intended to deal with those agencies I have previously 
enumerated. 

Second, — The consideration as to the most favourable posi- 
tion for the Pump in relation to the Source from which it has 
to draw the water is a most important one. It may be 
assumed that the nearer it can be placed vertically and 
horizontally to the Supply the better it will be. Whatever 
may be the selected or enforced position of the Motive power, 
the pump barrel, or barrels, at any rate, should be placed 
within a vertical distance of not more than 25 ft. from the 
Water level, and preferably not more than 20 feet Although 
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(as already explained under the heading of '* Suction ") it is 
theoretically possible to draw water by suction from a depth 
of 32 ft, it is not practically so, owing to possible defects in 
pumping appliance, and to liability to wear and tear of the 
suction portion of the apparatus. 

Third, — The greater the length of Suction pipe used the 
greater the chance of leakage therein ; therefore, the shorter 
it can be made the better in all respects. 

If it is essential that the motor should be at the top of the 
well or shaft, whilst the pumps have to be placed below, the 
motive power must be conveyed through the agency of shaft- 
ing, belting, and pump rods, or other appliances, the pumps 
being fixed upon staging fitted up in the well or shaft. In 
case a Direct-acting Steam pump is used, it can, if desired, be 
placed in the well within, say, 20 ft. of the water, and the steam 
conveyed to it through well-protected pipes. Or, as in case 
of Shaft sinking, the steam pump is frequently placed upon 
a staging, slung by chains from the top of the shaft, in such 
a manner that as the sinking proceeds additional length of 
steam pipe and delivery pipe can be added as the Pump is 
■lowered. 

In using the " Cornish " type of pump, in which the pumps 
are placed down a Shaft and worked by rods operated from 
the surface, the power may be conveyed to the Shaft by 
Rocking-levers and Rods, should the engine be at a distance 
away from the Shaft. 

The various methods of conveying the Power from the 
Motor to the top of the Shaft, or Well, are, however, so 
numerous that they cannot be detailed within the limits 
of such a Work as the present. 

To return to the question of ** Suction pipes." The area 
of a Suction pipe should, in any case, be not less than two- 
thirds of the area (or combined areas, if more than one pump 
draws from it) of the pump piston or " bucket," and great 
care should be taken to make the joints in such pipe perfectly 
air-tight. As already explained, if the vertical suction 
exceeds, say, 5 or 6 ft. in length, a "Foot- valve" (fig. 7) 
should be attached to its lower end, and this should be 
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provided with a strainer to prevent the ingress of any foreign 
■matter to the Suction pipe. 

Fourth, — Should the Horizontal length of Suction pipe be 
-considerable, it should be laid with some small upward 
inclination towards the Pump, and it certainly must not, 
at any point of its course, rise to a higher level than the 
'bottom of the pump, since air would be liable to accumulate 
in any such elevated part and spoil the suction power of the 
pump. It is also advisable that a Suction vessel should be 
'Used in the case of a great length of Suction pipe. 

Fifth, — The height to which the water has to be delivered 
vertically above the position of the Pump barrel should be 
accurately ascertained, as upon that item principally depends 
the proportioning of the requisite ratio of Motive power to 
pump capacity for operating the Pump. 

Sixth, — The Horizontal length of Delivery pipe required in 
this connection is not so material, provided due attention is 
given to so proportioning its area as to avoid any excess of 
work being entailed, by having to unduly force the water 
through the pipes. 

A certain amount of Friction is caused by the flow of the 
Water through the pipes, and the amount of such Friction 
{dependent upon the area of the pipes themselves) is an 
ascertainable quantity, diminishing in a fixed ratio as the 
area of the pipes is increased. 

The sum of Frictional resistance, termed " Friction head," 
being reduced by calculation to an equivalent " Head," 
should be added to the Vertical height of the delivery and 
the suction (since work is expended in drawing the water to 
the Pump in the same proportion as in forcing it to its 
destination). (The Table No. IV. will assist in the calculations 
here required.) 

If the total " Head " in feet thus ascertained be multiplied 
by '434, or by the fraction f , it will give the pressure in lbs. 
per sq. in. which will form the " Load " upon the pump, 
since the pressure due to a column of water is, as explained 
previously, in the proportion of, approximately, 3 lbs. per 
sq. in. for every 7 ft. of vertical height, or more accurately — 
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Total " Head " x '434 x Area of Pump bucket = number of 
lbs. weight to be raised. 

Respecting the Class of Pipes that should be adopted, 
it is undesirable to use cast-iron Socket pipes in the case of 
"delivery," if the pressure per square inch exceeds about 
100 lbs. The joints have to be made with some description 
of Packing, and there is always a liability to having this 
packing forced out and causing leakage. In " Suction pipes '* 
Socket piping should not be used at all if avoidable, as the 
weight of the pipes themselves tends (however well they be 
supported) to drag the joints apart. Flanged pipes — if the 
joints be made with india-rubber packing rings — offer much 
greater security. Where wrought -iron pipes are used, the 
unions should be securely sealed with red-lead and tow. 

It must be remembered that any leakage in the Suction 
pipe seriously cripples the efficiency of the Pump, whilst in 
the Delivery it means a waste of power proportionate to the 
" Head " of water above the leak. 



CHAPTER IV 

FRICTION OF WATER 

In the foregoing pages frequent mention has been made of 
the Friction of water in Pipes, and, as it is a matter very 
directly, and importantly, bearing upon all questions of 
Pumping work, as well as the ordinary Flow of water, it 
should now engage fuller attention. 

Water in motion, whether in pipes or open channels, of 
necessity meets with resistance, in a greater or less degree, 
from its Attrition with the surface of the conduit through 
which it is conveyed ; and, moreover, the amount of this 
attrition (which is termed " Friction ") increases in proportion 
to the velocity of the liquid passing over these surfaces. 

It follows that, in allowing a given Quantity of water to 
flow through a pipe, if the pipe is of small diameter, the rate 
of flow would be less than it would be in one of greater 
•diameter, owing to this item of Friction. 

The error of employing pipes of an area too small for the 
•duty is a common one, but it is far from being an uncommon 
one to use pipes unnecessarily large. Of the two evils the 
former is undoubtedly the greater. 

If the question be fully considered, it will be found that a 
very small increase in the area of the pipes will have a great 
effect in reducing the amount of Friction. 

Many designers and users of Pumping appliances, etc., 
rush to an opposite extreme, and put in pipes of so large a 
diameter as to make the friction practically nil. Now this 
is not always true economy, since in a long line of Pipes any 
increase in the size adds very materially to the cost of the 
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installation, not only in respect to the pipes, but in enlarged 
excavation and increased expense of joints, etc. 

It is generally the best economy to strike a medium, and 
employ pipes of such diameter that the amount of Friction 
would be but moderate, enough perhaps to necessitate the 
employment of a little extra power in the Pump, but not 
sufficient to be a very material Item. In this way the 
cost of the pipes may be greatly reduced below what 
they would be if of sufficient size to make the friction 
absolutely nil. 

In deciding upon the Size of Pipes to be used in any 
particular Installation of Hydraulic work, it should not be 
lost sight of that allowance ought to be made for possible 
unevenness of bore and incrustation of the metal. Hence, 
even under fair conditions, such as well-made and well-laid 
pipes, and cleanliness of the water to be pumped, etc., it is 
best to use pipes of such size that they would discharge, 
say, 20 per cent, more than the desired quantity of water. 
When the pipes are not of First-class make, or if the 
water is very Foul, such margin should be increased 
accordingly. 

The evils of Incrustation may be largely avoided by having 
the pipes treated internally by the " Bower-Barff," or " Angus 
Smith," or other process before laying them. 

Tables are obtainable which will give the Data for 
Frictional Resistance in nearly all cases that can arise, but, 
as these are not always at hand, the Formula already given 
at page 18 should be used, viz. : 

H= ^ , or in words, multiply the quantity in gallons 

per minute by itself^ and by the length of the pipe in yards^ 
and divide the product by three times the diameter of the 
pipe in inches raised to the fifth power = the " Head " of water 
due to Friction. 

Explanation of Formula, — G'^ signifies the square of G, 
that is, the number of gallons multiplied by the same 
number of gallons. Thus the square of 50 gallons is 
50x50 = 2500. 
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(3^)5 signifies th^ fifth power of three times the pipe diameter. 
Thus, for 3-in. diameter pipe, 3<*=3 x 3 = 9. 

Square. Cube. Fourth power. Fifth power. 

9X9 = 81. 81x9 = 729. 729x9 = 6561. 6561x9=59,049. 

Example, — What will be the Head due to Friction in passing 
100 gals, per minute through 600yds. of 4-in. diameter pipe? 

100 X 100= 10,000 10,000x600 = 6,000,000 

4x3=12, and 12^ = 248,832. 

Then ' ' — = 24 ft. = the Head due to Friction. ^ 

Thus the Friction in pumping 6000 gals, of water per 
hour through 600 yds. of 4-in. diameter pipe = 24 ft. Head. 

If 6-in. pipe be used, the Friction Would amount to only 
3*17 ft. head. The difference in weight betwixt 600 yds. of 
4 in.-pipe and the same length of 6-in. pipe would be about 
280 cwts., and at, say, los. per cwt, it would be about ;^I40 in 
extra cost for the 6-in. pipe. Query, Would it not, in such 
case, be best to use the 4-in. pipe, and put a little extra wprk 
(it would only amount to loj lbs. per sq. in.) on the Pumping 
Apparatus ? 

As evidencing how rapidly Friction decreases in proportion 

to the size of the pipes : — 

Friction head in 
feet per each 
100 gals, of water per minute yard of length. 

through 2-in. diameter pipes would give 1*28 
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The following rules will be found useful : — 
To ascertain the Weight of water in pipes of any diameter — 

Square the diameter ) y .,^t _ i Weight in lbs. per 
in inches J I foot in depth. 

^ Note that this calculation may be much simplified by the use of 
Logarithms. 

Other very useful formulae in connection with our subject may be found 
in Box's Practical Hydraulics (Spon). 

C 2 
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To ascertain the Pressure of water at various depths — 
Head of water in feet x 62*5 



144 



= Pressure in lbs. per sq, in. 



To ascertain the pressure exerted by a column of water 
of any Height upon a given area — 

Pressure in lbs. 
• per sq. in. 

Feet in height ) _ a • 1 j -^ v. .^ . - f Pressure in lb«?. 
^ , ^ 5- X Area in cyld. in. x '341 = -j , , . 

of column ) I per cyld. in. 



Feet in height | ^ ^^^^ j„ ^^ j„ ^ .^^^ j 
of column ) ( 



Table of Thickness of Cast- Iron Pipes 
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Note that these thicknesses are suited for Pipes connected 
to a Pumping system. 

To find the weight of Ordinary Cast-iron Flange-pipe — 
Subtract the square of the Inside diameter from the square 
of Outside diameter, and multiply by 7^3 5= weight of i yd. 
of pipe. The weight of two flanges = about i ft. of pipe. 

In Pumping Operations, no matter what precautions may be 
taken (such as use of Air Vessels, etc.), there usually arises 
in the delivery pipes ^ certain amount of ** Throb,*' or 
"** Pulsation," due to the action of the Pumps, which in many 
cases should not be neglected. 



CHAPTER V 

UNITS OF WORK 

It should be explained that the generally accepted " Unit of 
Work," or standard for the Measurement of Work, is one 
pound weight raised one foot high ; or one pound forced in any 
direction through a space of one vertical foot. The ** Unit '^ 
Rate of Work, or the amount of work done in a given time = 
One Foot Pound, as above, per minute. 

It is estimated, that a man working a Pumping gear, or 
Hand pump, will do so at the rate of 3000 Units of work 
per minute inclusive of periods of rest (approximately ^ 
of a H.P.). 

That a Horse will perform about 22,000 Units of work per 
minute when working a Pumping apparatus. 

The Power of a Steam-engine, or a Water motor, is 
estimated at 33,000 Units of work per minute (and will be 
referred to hereafter as H.P.). 

In all cases, however, allowance of 25 per cent, to 50 per cent, 
must be made for the Friction of the Machinery, which will of 
necessity vary according to its simplicity and workmanship. 
So that, if it is ascertained how many Units of work have to 
be performed per minute {i.e, the number of pounds to be 
raised per minute multiplied by the height in feet, to which 
they have to be raised), then 

Units of work 



3000 
Units of work 

22,000 
Units of work 



= No. of men's power required. 
= No. of horses required. 



= H.P. required if steam power is used. 
33,000 
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But allowance must in each case be made for Friction (as 
already pointed out) according to the Apparatus employed. 

If it is decided to use Man power, it can be best applied 
through the medium of a Rotary gear, the length of the arm 
of which should not exceed about 18 ins. (which would give 
a circle of 9*42 ft ). 

It is found that a Labourer can exert a force of about 20 lbs. 
in working a fairly well-fitted gear, at a rate of 16 revolutions 
per minute, which would give : — 

9*42X20X 16 = 3014*4 Units of work per minute. 

As, however, a Man's power cannot be continuously exerted 
for any great length of time, about \ (or 20 per cent.) of 
this should be deducted for periods of ** rest," which would 
give, say, 2400 Units of work per minute, which would equal : — 

12 gallons pumped 20 ft. high per minute 
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If the Work to be done is found to exceed the power of 
two men, it may be taken for granted that under ordinary 
circumstances it will prove more economical and convenient 
to employ other motive power. 

The decision as to what Character of power to use must be 
generally based upon the surroundings of the Work, since the 
most advantageous power in one place, or under a certain set 
of conditions, might prove the most costly in another. 

Gears worked by Horses, Mules, or Bullocks may be best 
in some situations. 

Wind power is very extensively used in many localities as 
a Motor, but, of course, has the disadvantage of not being at 
all times available. This it may be possible in many cases to 
compensate by providing a sufficient Storage. 

Water power, even to Pump water, may under many 
circumstances be the best suited to the conditions, and may 
be utilised through the agency of Waterwheels, Turbines, 
Hydraulic Rams, etc. 
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When, however, it is a question of dealing with large 
Quantities of water, and especially if it has to be delivered to 
any great height, it will probably be most convenient and 
economical to use Pumps driven by Compressed Air, Gas or 
Oil Engines, or Electricity. 

In estimating pumping power the following rules may 
prove serviceable : — 

To ascertain the Units of Work in raising a given quantity 
of Water — 

Gallons per^ t. f Height in feet 
hour to be V X 10 X < to which it has \ = Units of Work, 
raised j (to be raised 

To calculate the Quantity of water a pump will deliver per 
hour 

This will, of course, depend upon the diameter of the Pump 
barrel and the speed at which the pump is worked. This 
latter item should be resolved into what is termed the 
"Velocity" of the Pump, and is ascertained thus: — 

Single-acting Pump — 

No. of strokes) ^ f Length of stroke ) =, Velocity per minute, 
per minute ) \ m mches ) 

Double-acting Pump — 

Twice the No. of | w f Length of stroke! _ (Velocity per 
strokes per minute j I in inches J 1 minute. 

Gallons per hour delivered — 

,^ , .^ ^ /-Square of diam. \ 

Velocity per) I ^of pump barrel I x 60 

mmute ( J . V , ( 
) ^ in mches ) ^ i Gals, per hour 

353 I delivered. 

Or, 

Velocityx { ^'^^^ of pumpj ^^^^ 

( m sq. ms. 3 J Gals, per hour 

1728 "~ ( delivered. 
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Note that 353 = The number of cyld. ins. per gal. 
6*25 = Number of gals, in a cub. ft. 
1728 = Number of cub. ins. in a cub. ft. 

In all calculations as to the quantity a Pump will deliver, 
certainly 10 per cent, should be deducted to allow for " Slip.*' 
(" Slip," in all| Pumping operations means a tendency of 
the water (or other liquid) to fall back against the " Suction " 
draught of the pump.) , 

In reference to the Utilization of Animal power to working 
a Pumping Gear, the most convenient method of transmitting 
same is by means of a Horse Gear, such as ordinarily applied 
to the working of Agricultural machinery, etc., the Power 
being conveyed through shafting to the Gearing of the 
Pumps. 

As already pointed out, the generally accepted power 
of a Horse is 22,000 Units of work per Minute; so that, 
having ascertained by foregoing rules the " Units of work " to 
be done, and adding thereto a reasonable percentage for 
Friction of Gear (which with Horse Gear would be prob- 
ably quite 20 per cent.), and dividing by 22,000, the result 
will give the Number of Horses it would require to do 
the Work. Should it be found that more than two Horses 
would be needed to do the work, it will be found more 
practicable under ordinary circumstances to employ other 
Motive power. 

The following Table oflFers a fairly accurate comparison as 
to the capabilities of Man power. Ox power, and Horse 
power : — 



Diam. of Pump 
(Double-acting 
Lift and Force). 


Quantity 

Raised to be 

per Hour. 


One Man Turn- 
ing a Crank 
would Raise 
the Liquid. 


One Ox Work, 
ing a Gear. 


One Horse Work- 
ing a Gear. 


2 ins. diam. 

2j 

3 „ 
4 


225 
360 
520 

7(X> 
900 


80 feet 

50 „ 

35 » 

25 » 
20 „ 


350 feet 

200 „ 

140 „ 

100 „ 

80 „ 


560 feet 

350 » 
245 » 
175 1, 
140 „ 
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Under conditions in which Fuel can be obtained at reason- 
able cost for producing Steam, ** Direct-acting Steam pumps '* 
are probably the most convenient as regards Simplicity and 
Handiness, in cases where the duty is too high for economical 
usage of Animal power ; and it is now proposed to consider 
the question of selection of suitable class and size of 
Steam Pumps for certain conditions of Work. 

Later on, attention will be given to the desirability of 
using " Water MotorSy' in such cases as admit the possibility 
even for the purpose of Pumping water. Where such oppor- 
tunities exist, it need hardly be pointed out that the prefer- 
ence should be in their favour over Steam pumps. 



CHAPTER VI 



DIRECT-ACTING STEAM PUMPS 

Steam Pumps of this class are ordinarily made Horizontal, 
although Vertical Steam pumps are used for special purposes, 
but, in any case, the general arrangement of the machine is 
that of placing the Pump in the line of the steam Cylinder 
and connecting them in such manner that the Piston-rod is 
prolonged to form the Pump-rod without the intervention of 



ocuivsnv 




msxistf* 



Fig. 21. 

any Crank shaft. The whole thus makes a very compact 
and economical arrangement so far as the machine itself is 
concerned (see fig. 21). 

It cannot, however, be claimed that Direct-acting Steam 
pumps are economical as steam-driven machines, since the 
absence of any Crank shaft and Fly-wheel prevents the use 
of an efficient Valve motion to allow of working the steam 
expansively. Consequently, the cylinder, at every stroke, 
uses a full charge of steam for the whole, or nearly the whole, 
stroke, instead of fully utilising its expansive power. To set 
against this there is the advantage of fewness of working 
parts, and directness of action, which minimise friction to a 
very great extent. 

42 
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To introduce greater econonny of steam, "Compounding" 
is often resorted to, usually by attaching the " Low-pressure " 
cylinder at rear of the " High-pressure" cylinder on the same 
line of piston- and pump-rod. Thus the steam from the High- 
pressure cylinder exhausts into the Low-pressure cylinder, 
when it aids the work by Expansion of the Steam, but, of 
course, with added friction, due to increase of working parts. 
In the case of large Steam pumps, such as are frequently 
used for Water-works installations, a "Condenser" is often 
used in connection therewith. 

Another arrangement of Direct-acting Steam Pumps, which 
presents many advantages, is that known as the "Duplex" 
type (fig. 22). In the ordinary arrangement of this class of 
pump, two steam pumps are placed side by side and connected 



tt^ether in such manner that the two pumps draw from the 
same Suction, and deliver into the same Main, and the two 
cylinders receive steam from the same Steam pipe. The 
piston-rods are so coupled together that one Steam pump is 
making an "out-stroke" whilst the other is making an "in- 
stroke," and the steam valve arrangements are so constructed 
that a certain amount of cut-off can be introduced and the 
steam used to some small extent expansively. 

In this class of Steam pumps, also, "Compounding" is 
frequently resorted to. 

It is not the present purpose to advocate the use of any 
particular type or make of steam pump, since the selection 
must largely depend upon special conditions, but it is now 
proposed to give such directions as may assist Engineers and 
intending users of steam pumps in deciding upon the power 
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of pump suited to certain requirements, and to aid them in 
installing pumping plant to the best advantage. 

Presuming that such Items as were enumerated in previous 
pages have been collated, the following Rules will enable the 
Student of the subject to make use of such Data: — 

Speed of Steam Pumps. — Direct-acting Steam pumps, with- 
out Fly-wheel, possess this advantage, when working against 
a variable water pressure, that they will adapt themselves to 
this variety by running fast or slow, according to the Work, 
but care should be taken in so proportioning the respective 
areas of Pumps and Steam cylinders that under no conditions 
of the work should they be able to run at such speed as to 
cause heavy " Shocks " to the Valves or the Pipes. Thus^ 
after the duty to be done has been ascertained, the question 
of speed becomes an important factor. 

If the height of delivery is moderate and constant, the 
piston speed (i,e, the number of feet the piston or pump 
bucket travels over in a given time) may be taken at about 
IDG ft. per minute, or, for very low lifts, at even 150 ft. per 
minute. When, however, the delivery head exceeds 400 or 
SCO ft, a much slower speed is desirable, say 80 ft. per minute. 
Most makers of Steam pumps state the Speeds at which their 
Pumps should be run when proportioned for certain work,^ 
but, as they invariably state the maximum speed, some dis- 
cretion on the part of the User is needed. 

A casual examination of any Steam pump-maker's price 
list shows the necessity of discrimination. 

As will be presently explained, the diameter of the Pump 
or Pumps is proportioned according to the Quantity of liquid 
to be delivered, the diameter of the Steam cylinder according 
to the Head such, quantity has to be raised against. It follows 
that the larger the diameter of the Steam cylinder as com- 
pared with that of the Pump, the greater the "Lift" it is 
suited for, and the greater the **Lift" the heavier the force 
bearing on the Pump valves. Yet we find that a maker will 
sometimes give in a price list the same speed for a Steam 
pump with, say, 6-in. diameter cylinder and 5-in. diameter 
pump, as for 12-in. diameter cylinder and 5-in. diameter pump. 
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Pump valves, opening and closing, say, 100 times per minute 
with such "head'* as the smaller steam pump would work 
against, must obviously work with greater absence of shock 
than when working at the same speed against the much 
greater " head " for which the larger steam pump is propor- 
tioned. To reduce the shock of the valves to an equality in 
the two Steam pumps, the speed of the larger one should be 
much less than that of the smaller one, thus allowing the 
valves to close more slowly This is an important point, 
since the Pump valves are the soul of the Pump, and are 
usually the most difficult parts to replace if broken or un- 
duly worn. 

When selecting a Steam pump from a maker's list, it is 
well to bear this in mind, and so discount the "quantities 
delivered*' (in proportion to the ratios of difference be- 
twixt the cylinder and pump areas) consequent upon Speed 
reduction. 

In order to make the Rules here given more explicit, 
Examples are given bearing upon the particular Items. 

Ordinary Direct-acting Steam Pumps 

Given the Quantity to be pumped and the Piston speed in feet 
per minute. 

I, To find area of Pump bucket or Pump ram — 

Gals, permin. x 277 cub. ins. k c • * • 

— - — ^-- — -— ; *-^ : = Area of pump piston m sq. ms. 

Speed of piston x 1 2 ms. 

(Note 277 = the number of cub. ins. in i gal.) 

Example. — 100 gals, per min. to be pumped. Speed of piston 
60 ft. per min. 

100 X 277 o. 

-j^ Li = 38*4 sq. ins. 

60 X 12 

Upon reference to the Table of Areas (p. 109) it will be found 
that 38*4 is the area of 7 ins. diam. 

Given the Area of Pump piston (as above) and the Head of Water. 

II. To find total pressure upon Pump piston — 

Area of Pump » ^^ . ^ ^ f Total pressure in lbs. 

piston in sq. in. j ^^^ \ on Pump bucket. 
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Example, — Head of Water, inclusive of Vertical Suction and Head 
due to Friction, say 500 ft. 

Area, 38-48 x 500 ft. x '434 = 8350 lbs. 

Thus giving the total Load on Pump. 

Given the Steam pressure per square inch available, and the Load 
upon the Pump. 

in. What should be the Area of the Steam piston ? 

1. To find what area of Piston would balance the Load on 
the Pump — 

Total load in lbs. per sq. in. on pump _ j Area of Piston to 
Steam pressure per sq. in. I balance Pump load. 

2. To overcome the inertia of the water column and set it in 
motion at the required speed, the power of the Steam cylinder should 
be 40 to 50 per cent, in excess of the Resistance — 

Thus ^^^^ °^ P'^^^" ^^ i + qo per cent = ^ Required area of 

balance the column j '^ ^ ' \ steam piston. 

Example, — Pressure of steam, say 80 lbs. per sq. in. ; Load on 
Pump, as per Rule H., 8350 lbs. 

Then —5— = i04*37> area in square inch to balance; 
80 

104-37 X 1-5 = 156-55 sq. in. Steam piston area required. 

Diam. corresponding to this area= 14^ ins. 

The nearest Commercial size would be a 14-/W. diam. Steam Cylinder. 
So that the size of Steam pump, suited for the duty named in above 
example, would be i4-/«. Cylinder and 7-i«. Pump, 

Presuming that a certain size of Steam pump is available, 
it is required to know what " Duty " it is suited for. 

Example 

A Steam pump (of Direct-acting Type) has a 9-in. Cylinder 
and a 6-in. Pump, with lo-in. Stroke. 

Required to ascertain of such Pump : the number of gallons 
of water it should deliver through a 3-in. diameter pipe, and 
to what height it should deliver with 50 lbs. per sq. in. of 
Steam pressure. (A Steam pump of such size may be run at, 
say, 100 ft. piston-speed per min.) 
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Rules 

1. Multiply the area of Pump bucket by the Speed in ins. per 
min., and again by the number of Gals, in a Cubic foot, and the sum 
divided by 1728 cub. in. will give the number of Gals, per min. the 
Pump should deliver. 

Area of 6 ins. = 28*27 sq. in. 

28*27 X 100 X 12 X 6*21; ^ r^ y 

1 ? = 122*7 Gals, per mm. 

1728 

Then 122*7 x 60= 7362 Gals, per hour Pump should deliver. 

(From this should be deducted, say, 5 per cent, to 10 per cent, for 
"Slip.") 

2. To what height in feet should it force the above quantity of 
Water with, say, 50 lbs. pressure per sq. in. of Steam ? 

Multiply the area of the Steam piston by the Steam pressure, and 
divide product by area of Pump bucket. Result gives number of 
lbs. per sq. in. acting upon the Piston. 

Area of 9 in. = 63*61 sq. in. 
63*61 X 50 = 3180*5 lbs. pressure on Steam piston. 

Then ^}-—±— 112*48 lbs. Pressure per sq. in. on Pump bucket. 
28*27 

3. Of this force conveyed to the Pump piston, one-third will be 
required to move any column of water bearing upon it ; the remaining 
two-thirds will give the " Pressure head," in lbs. per sq. in., that can 
be set in motion. 

Thus ii2*48x§=75 lbs. per sq. in. 
75 lbs. x '434= 17s ft. Head, 

which is the height to which the Steam pump in question would 
deliver with 50 lbs. steam pressure. 

To estimate the Friction due to the delivery of 122*7 Gals, per 
min. through 175 ft. of 3-in. pipe, proceed according to Rule already 
given, re "Friction." 

122*72 X 58*3 yds. = 873207 ; 

^73207^ i^.g Friction head in ft. 
(3')' 

Note. — ^Tables are published that would obviate this calculation as 
to Friction head (see Table III., p. iii). 
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It was found that without taking " Friction head " into account 
the Steam pump would deliver to a height of 175 ft., but, as there 
would be friction equivalent to a head of 14*8, that should be deducted. 

175 ft. - 14*8 ft. = i6o-2 ft. 

The net height to which the Steam pump would deliver with 
50 lbs. steam. 

Thus we find that a Direct-acting Steam pump, having 
9-in. diameter Cylinder x 6-in. diameter Pump, lo-in. stroke, 
running at ICX) ft. per min. piston speed, with 50 lbs. steam 
pressure, will deliver about 7000 gals, of water per hour, to a 
height of 160 ft. through 3-in. diameter pipes. 

Duplex Direct-acting Steam Pumps 

As already explained, a ** Duplex*' Steam pump really 
consists of two ordinary Direct-acting Steam pumps coupled 
together, but with such gearing as allows of some greater use 
of the expansive force of the steam, and also regulates the pump 
strokes, so that one pump is taking the in-stroke whilst the 
other makes its out-stroke (see fig. 22). It will be obvious 
that, as two pumps are engaged in the work, both of equal 
capacity, each is doing one-half of the whole work. Thus the 
requirements as to size of cylinders to perform the same duty, 
as in the example already given, would work out as under : — 

Required to know what size of " Duplex " Steam pump 
should be adopted to deliver 100 gals, of water per min. 
against a head of 500 ft, at a piston speed of 60 ft. per min. 
with a steam pressure of 80 lbs. Each pump would have to 
deliver 50 gals, per min. Proceed according to Rules given 
on preceding pages. 

^ .1 50 gals. X 277 cub. ins. * ^ ^ tj 

Example, — ^—^—7 -^. = 19*23 sq. m. Area of Pump. 

00 X 1 2 ms. 

Or approximately 5 in. diam. 

Area of Pump, 19*23 x 500 ft. x 434 lbs. = 4173 lbs. 
being the total load on Pump. 

11^ = 52*16 = Area of cylinder to balance load on the Pump. 
52*16 X 1-5 = 79*24 = Required area of Cylinder. 
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The nearest commercial size=ioins. diam., so that the Duplex 
Pump would be lo-in. diameter Steam Cylinders, and 5-in. diameter 
pumps. 

Boiler Power 

The next important question to consider is that of the 
Boiler power required to work the Steam pumps. The selec- 
tion of the class of Boiler must, of course, be guided largely 
by circumstances, such as kind and quality of fuel available, or 
question of " setting up." It may, however, not be out of place 
to suggest that for simplicity, portability, and general handi- 
ness, for small pumping plants, the Vertical Boiler on Bedplate 
or the Semi-portable Locomotive type of Boiler are preferable. 

Referring to the examples already given of a simple Direct- 
acting Steam pump, 14-in. Steam cylinder and 7-in. pump, 
having presumably 12-in. stroke and running at 60 ft. piston 
speed per min., steam pressure 80 lbs. per sq. in., and height 
of delivery = 500 ft. 

1. As to " Units of work " to be done under the conditions 
named (see previous pages). 

100 Gals, per min. x 10 lbs. x SCO ft. , ^ tj td ^ ; ^4. 1 

i- = 15 H.P. approximately. 

2. Rule for ascertaining Boiler power required — 

No. of Gals. \ y^ [ Piston speed per I j. 5^ 
per min. ) | min. in ins. J _ f Cub. ft. of steam 

1728 cub. ins. I used per min. 

and 

Cub. ft. of steam 

per min. _ f Number of cub. ft. of water evaporated 

Volume of steam~at ~ \ per hour. 

80 lbs. pressure 

And as i H.P. requires the evaporation of i cub. ft. of water per 
hour, the above gives the number of H.P. required in Boiler Power. 

Example, — Area of 14 ins.= 154 sq. ins. 

Area 154 x 60 ft. x 12 ins, x 60 mins . ^ g 1 r^ 

1728 ^ ^ 

3850 _ f 13 cub. ft. of water evaporated (295 being the volume 
295 "" I of steam at 80 lbs. pressure see Table VIII.). 

So that 13 H.P. Boiler would be required. 

D 
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Since a certain amount of loss of steam takes place by 
Condensation, etc., during its conveyance from the Boiler to 
the Steam Cylinder, it will be well in all cases to add 20 
per cent, to the result obtained by the foregoing Rule when 
deciding upon the power of Boiler required. This would give 
15*60 H.P. As 15 H.P. is the nearest commercial size, one 
would use a I S H,P, Boiler, 

By the use of "Condensers" greater economy can be 
introduced and Boiler power saved, though, excepting in the 
case of Compound Steam pumps, they are rarely employed. 

Space does not permit of considering the question of 
Compounding, but as a guide to the proportioning of the 
High-pressure and the Low-pressure cylinders, it may be said 
that the latter should be about twice the diameter of the 
former, or more correctly thus : — 

The total Effective pressure of steam upon the high-pressure 
cylinder and the low-pressure cylinder being added together 
should be about double the total Water pressure on the pump, 
or, at any rate, should not be less than i'6 of the Water 
pressure. Or, divide the total pressure of the Pump bucket 
by the average pressure of steam to find the area of the 
Low-pressure cylinder. This divided by the number of the 
expansions of the steam will give the area of the High-pressure 
cylinder. 

Before leaving the subject of " Steam Pumps," it is desirable 
to point out that under this head is included not only such 
machines as are in requisition for moderate pumping installa- 
tions, but such as are needed for Mine and Colliery purposes, 
and that, although it is not possible within the limits of such a 
Treatise as this to enumerate the various arrangements of 
Pumps applicable to heavier work, still the principles involved 
in their arrangements are identical with those described. 

Some little explanation of the terms " Nominal Horse 
Power" and " Indicated Horse Power" may here be given. 

The former term is one conveying but little meaning, as its 
value is variable ; every maker of a Steam-engine or an 
Engine working by any other agency may, and does, fix its 
nominal H.P. value on his own terms, assuming that certain 
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•dimensions constitute a Nominal H.P. In Condensing engines 
a very ordinary rule is to allow about 9 to 10 sq. ins. of piston 
area per Nominal H.P. 

" Indicated Horse Power," on the other hand, is a definite 
term, based upon the actual work the Engine performs in 
Units of Work, and it is usually about 2\ or 3 times the 
Nominal power. Its basis is ordinarily obtained by the use 
•of an Instrument termed an " Indicator," by means of which 
it is possible to ascertain with great exactitude what forces 
are at work in a Vapour or a Water Cylinder. 
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CHAPTER VII 

CENTRIFUGAL PUMPS 

Thus far attention has been given almost exclusively to- 
Reciprocating Pumps, but there is also a class of " Rotative " 
Pump demanding notice, of which the Centrifugal Pump may 
be accepted as the best known. 

The ordinary construction of a " Centrifugal Pump " is that 
of a set of revolving arms, or Vanes, within a closed casing, 
having a Central inlet for the water, and a Tangential outlet 
for same. 

Of a necessity such pump must be operated through the 
medium of extraneous power, and its action may be summar- 
ised as follows : — 

The rotative action of a set of Vanes (usually about six in 
number), running at considerable speed, imparts a Centrifugal 
motion to a body of water in the pump casing, propelling it 
forward, and at the same time inducing a vacuum in the 
suction, or supply pipe, thus raising a further supply to the 
pump, and producing a continuous flow. 

A considerable quantity of water may be thus raised by 
suction from a moderate depth, and delivered to a moderate 
height in a very full flow, and (according to the speed) the 
quantity delivered may be fairly gauged. 

The makers of Centrifugals are usually inclined to claim a 
much larger range of utility for them than they are really 
entitled to. Where the question is that of delivering a con- 
siderable quantity of liquid to moderate height, say up to 
40 ft. above the machine, in a short period of time and with 
moderate expenditure of power these machines find their 
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best vocation; but where the delivery exceeds that height, 
greater economy will probably result from usage of a recipro- 
cating pump of good construction. 

For such purposes as pumping out large bodies of liquids 
from moderate depths, and delivering to a limited height, 
they are inestimable, as in Wrecking work, pumping out 
Foundation works, emptying "Floating" and "Graving 
Docks," etc. In Irrigation work they have also proved 
■exceedingly valuable. 

Amongst the advantages possessed by the "Centrifugal" 
pump the following bear weight: — 



Under suitable conditions a large quantity of liquid may 
be delivered compared with the size of the machine, and the 
cost of same. 

It is inexpensive to erect, being simple in construction and 
compact in form. 

If the liquid passing through it is foul and dirty, it does 
not injuriously affect the action of the machine. 

The " Vanes " or " Blades," being mechanically constructed, 
the machine should give an " efficiency " of about 60 per cent, 
to 65 per cent. Centrifugal pumps admit of a variety of 
methods of attachment to their Motors, it being a very 
common practice to attach an engine directly on to the shaft 
of the pump, thus saving any intervention of Gearing, or 
belting and pulleys. 
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The greatest depth from which an ordinary Centrifugal 
pump will " draw " water by suction is 22 to 23 ft, but it is 
best not to exceed about 16 ft. 

Arrangement should be made for the outlet of Air at the 
top of the pump casing, and for charging the same with 
water. The Suction pipe should have a Foot-valve attached, 
[f liable to the action of frost, a cock should be provided 
below the pump for emptying the pump and pipes if needed. 

Figs. 23 and 24 are intended to give an idea as to the 
ordinary form of " Centrifugal pump." The Wheel itself is 
carried upon an axle prolonged through stuffing boxes S, 
attached to the pump casing T. The Vanes, V V, are 



Fig, 24 

curved in the direction of the flow of liquid, which, entering 
at the centre of the wheel, is thrown forward into the Delivery 
pipe D, which pipe may be arranged at any desired angle to 
suit any special purpose. The wheel is operated through 
motive power applied to its axle by driving belt and pulleys, 
or by direct attachment to the Motor, 

There are various other Rotary Pumps, which space will 
not admit description of, both for Hand power and Mechanical 
driving, but the " Centrifugal " type would seem to be the 
simplest and most efficient for fairly heavy work. 

A most especial feature in favour of pumps of this class 
is their compactness, and the facility with which they can 
be coupled on to a motor of any kind, or arranged in a 
portable form. 
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Below is appended a Table giving the quantities of water 
Centrifugal pumps of good proportion are calculated to 
discharp-e: — 



discharge: — 



iaineter of Discharge 
Pipe in inches. 


Number of Gallons 
Discharged per minute. 


6 inches 


500 to 750 


8 x„ 


1000 „ 1500 


10 „ 


1500 „ 2000 


12 „ 


2000 „ 3000 


16 „ 


4000 „ 5000 


18 „ 


6000 „ 8000 



In "lifts" varying from 15 ft. to 35 ft. the larger quantities 
are of course the delivery at the lowest "lifts." 



CHAPTER VIII 

HYDRAULIC POWER MACHINERY 

Under this head may be included " Hydraulic Presses/* 
*** Hydraulic Jacks," " Hydraulic Lifts," and other machines 
deriving power from the pressure of water. 

It has already been explained at some length, when 
referring to the Laws governing the pressure of liquids, that 
they possess the capability of transferring pressure equally in 
all directions. So that, given a quantity of liquid entirely 
filling a closed vessel, or several vessels communicating with 
one another, if a pressure be brought to bear upon any portion 
of the surface of the liquid, at any part of the containing 
vessel or vessels, the like amount of pressure is communicated 
to every part of the surface of said vessel. 

For example, if a pressure of loo.lbs. be applied to one 
particular square inch of the liquid surface (the vessels being 
water-tight), a force of lOO lbs. will be communicated to 
every other square inch of the surface of all the contain- 
ing vessels. If then, there should be two cylinders of 
unequal size in connection with one another, and a pres- 
sure is produced upon the smaller cylinder by a piston, 
it will result that such pressure will be conveyed to the 
larger cylinder and exert a force therein greater than that 
on the surface of the smaller cylinder in proportion to its 
greater area. 

If the larger cylinder be, say, lo in. diameter, and the 
smaller i in. diameter (each being fitted with a piston), the 
areas will be as i to lOO. Then a pressure of loo lbs. being 
exerted on the piston of the smaller cylinder, a pressure of 
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10,000 lbs. would be exerted upon the piston of the larger 
cylinder. 

It follows that, if the piston of the smaller cylinder be 
forced inwards with a pressure of 100 lbs., it would raise a 
weight of 10,000 lbs. resting upon the piston of the larger 
cylinder. If the smaller piston travels, say, i in., it will raise 
the larger piston with its superincumbent weight yj^^ part of 
an inch only. So that the gain in power is in direct pro- 
portion to the loss in speed. 

In the application of Hydraulic power, the method indicated 
above is that usually employed, i,e, a pump of small diameter 
is used to force water into a cylinder having a ram or piston 
of larger diameter. One of the first considerations, therefore, 
when adopting such power is, how far it is proposed to 
sacrifice " speed " to " power," or vice versa, and upon these 
lines the proportions of the cylinders may be settled in the 
case of a Hydraulic Press. 

It is hardly necessary to point out that hydraulic pressure 
may be brought to bear upon a Press, or for Raising a weight, 
by other means than using a pump. 

For instance, a small pipe may be erected vertically, 
where a water supply can be obtained at an elevation, 
its lower end connecting with a Hydraulic Cylinder, in 
precisely the manner indicated in figs. 3 and 5. If such 
a pipe be kept supplied with water, it will exert a force 
upon the piston of the press proportionate to the height 
{or Head) of water in the small pipe. The diameter of 
such pipe is immaterial, always provided that it is suffi- 
ciently large to obviate undue friction and allow a free flow 
of water. 

Presuming such a pipe to be too ft. in height, connected at 
lower end to a Hydraulic press cylinder of 9 in. diameter. 

The pressure due to a head of 100 ft. is 

100 X •434 = 43-4 lbs. per sq. in. 
The area of 9 in. = 63*61. 

So that 63-61 X 43-4 = 2760 lbs. pressure which would be 
exerted upon the 9-in. piston. In order the more clearly to 
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explain the mechanical arrangement of the " Hydraulic Press " 
in its simplest form, see fig. 25. 

A is a small Power pump of strong make, with admission 
valve C, communicating by pipe D with the cylinder E of a 
Hydraulic press, of which F is the Ram, G the Gland with 
Water-tight packing, H the Head, to which may be attached 



Fig, 15. 

any mechanical arrangement for the conveyance of the power 
according to requirements. 

It is only necessary to point out that the machine may be 
horizontal or at an angle, as desired, and that the Power 
pump may have more than one barrel; and may be operated 
by steam, hand power, or any other medium. 

When used for working " Lifts," pulley sheaves are ordin- 
. arily fixed in the "head" of the Ram F, which may com- 
municate by chain, or wire rope, with the 'Lift" or other 
machine it may be required to work. When used for Pressing 
purposes, the work is generally brought to bear by means of 
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a Rising Table attached to the Head, and pressing upwards 
against another Fixed Table. There are, however, many 
varieties of Presses made to suit the needs of users, but the 
principles governing their construction are identical, and 
there is no definite limit to the power they may be made to 
exert, saving the strength of the materials used. 

Hydraulic pressure is very largely used in Docks, large 
Warehouses, and Packing Establishments, and of late years 
it has been largely introduced on Men-of-War and in Forti- 
fications for manipulating heavy guns. 

In some large cities it is now conveyed over large areas 
in strong underground pipes, and the power rented to 
Factories, etc., for working Lifts, Hoists, or light Hydraulic 
Machinery, the users paying by ''meter" measurement for 
the quantity used. 

An exceeding useful adjunct to a Hydraulic plant is the 
"Accumulator," the function of which is to store up the 
Pressure being generated by the Power pumps whilst the 
Press or Presses are not in actual operation, and also to 
act as a Governor in steadying and regulating the pressure 
as received from pumps. 

Its ordinary construction is similar to that of a Press itself 
with the Ram heavily weighted, working in a cylinder the 
capacity of which should be equal to the full quantity required 
for one charge of all the presses supplied through it. See 
fig, 26, in which A is the Accumulator Cylinder; B the Ram 
working in same through a Gland at G ; C is a heavy ring of 
metal made to slide loosely on the Cylinder A, and suspended 
from the Ram head by rods D D. Water is forced into the 
cylinder through the back pressure valve E until the Ram is 
raised to the top of its stroke, and is kept under pressure by 
the weight of C, until released as required through the stop- 
valve F. It should be fitted with a safety-valve to allow for 
the relief of any surplus pressure. 

A variation of the ordinary "Accumulator" is the 
*' Differential Accumulator " arranged somewhat as per sketch, 
fig. 27. It has two Pistons of unequal diameters, attached 
to opposite ends of the same piston-rod, working in cylinders 
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placed in line. The pressure of water in the large Cylinder 
is communicated by the larger Piston to the smaller one, and 
thus the pressure per square inch is increased, in the ratio of 
the difference of their areas. 

Presuming the larger Piston to be 12 ins. diameter, and the 
smaller one 4 ins., their areas will be in the proportion of 
144 to 16, So that, if there be a pressure of 500 lbs. per 
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Fig. 27. 



sq. in. on the larger Piston, it would produce a concentrated 
pressure of 4498 lbs. upon the smaller one as under : — 

Area of 12 ins.= T13. Area of 4 ins. = 12*56. 

^, Area, 113 X 500 lbs. ^ro lu *. * 1 

Then ^ =4468 lbs. total pressure, say 

4500 lbs. 

Q^ SCO X 144 



16 



= 4500 lbs. total pressure. 



The purposes to which Hydraulic power commends itself 
are so numerous that it would be useless to attempt to detail 
them, but the explanations given above as to the Principles 
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of its application will readily suggest to the reader's mind 
examples of its usefulness. 

The Baling of Loose materials, Pressing oils from Seeds, 
Roots, etc., Punching, Riveting, and Testing the strength of 
Metal work, Raising and Forging heavy Weights, and Working 
Cranes and Hoists, are a few of the purposes to which it is 
most largely applied. 

Hydraulic Lifting-Jacks are really small Hydraulic presses 
in which, for the sake of convenience and compactness, the 
pump cistern, valves, etc., are usually all contained in the 
body of the Machine. They are made in sizes suitable for 
lifting from 4 to 5 tons, up to 50 tons or more. 

Hoists and Lifts, — These are two ordinary applications of 
Hydraulic power in this connection. 

In ordinary " Lifts " the weight is lifted by direct action, 
the cylinder being sunk in the ground vertically below the 
ground level, the ram being necessarily somewhat longer 
than the full height of the " Lift." 

Hoists are frequently worked by much shorter Hydraulic 
cylinders placed in any suitable position, the Ram carrying 
" Sheaves," or Grooved pulleys working chains, or wire ropes, 
connected to other pulleys in such manner as to multiply the 
length of the original stroke. 

It will not be amiss here to again call attention to the fact 
that such multiplication must be made at the expense of time 
in accomplishing the work, and that this should always be 
borne in mind when arranging such work. 

Hydraulic power applied by means such as already 
mentioned has so many advantages that it is surprising it 
has not been more extensively adopted, especially as there 
are innumerable cases where the power may be said to be 
ready mxide and at hand. 

It is so readily conveyed and controlled, and by Mechanical 
arrangements can be employed for so many useful purposes, 
that It argues a want of appreciation of its qualities in many 
instances where it could be advantageously applied. 

As a means of testing the strength of Boilers, or other 
Closed vessels, Hydraulic pump power is invaluable. The 
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Boiler or other vessel being filled with liquid, immense 
pressure can be brought to bear by means of very small 
pumps, and any leakage or weakness can be readily detected. 
Such testing, moreover, can be conducted with much greater 
security than testing by Steam, as the pressure can be 
relieved as readily as it can be applied. 

The Author has on several occasions, when designing 
Hydraulic Machinery, made good use of a simple arrange- 
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Fig. 28. 

ment of Telescopic Rams, which figs. 28 and 29 will serve 
to explain. 

A cylinder A of, say, 6 in. diameter inside, and of any 
desired length, is closed at one end with the exception of a 
small opening to allow of the supply pipe being attached, 
and the other end is fitted with a Stuffing-box and Gland. 
Into this Gland is fitted another cylinder B, say, 4 in. in 
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Fig, 29. 

diameter, closed with the exception . of a small opening (say, 
\ in. diameter) at its bottom end, and the top end fitted 
with another Gland. In this Gland is fitted a still smaller 
Cylinder C, say, 2 in. in diameter, the lower end closed 
entirely, the upper carrying a pulley or other appliance for 
conveying the Power. 

Presuming a water pressure of 100 lbs. per sq. in. is applied 
through the pipe W, when all the cylinders are closed, as in 
fig. 28. Then, as the areas of the movable cylinders are 
respectively 

B 4-in. diam. = Area 1256. C 2-in. diam. = Area 3*i4i. 

The total pressure upon B 1256 x 100= 1256 lbs. 

„ C 3-141 X 100= 314 lbs. 
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Thcihottoin of the hollow Cylinder B has an opening at N 
connecting^ to cj'^linder A, but C has no opening into B. 
It follows tiiat B will therefore be forced out to the end 
of its stroke, carrying C with it As B can advance no 
further, then C will be forced outward to the end of its 
stroke, when the whole would be extended as shown in 
fig. 29. 

There are many purposes to which an arrangement such as 
this is applicable, notably in raising any heavy body where 
a greater force is required to overcome its inertia and get it 
started, than is required to keep it in motion; or in a case 
where more power is required on some occasions than at 
otiiers. If the smaller Ram can do the work, it will) if it 
cannot, the next larger one will take it up, and so on. 

The following numbers will be found useful in ascertaining 
the quantity and weight of water required for working 
Hydraulic Machinery : — 



D being the diameter of Cylinder in inches. 
S being the length of the Stroke in inches. 
Then D^ x S x 7^ 54 = Cubic inches of water \ 

D^ X S X 002833 = Gallons of water ^ per stroke. 

D^'x S X 02833 =Lbs. weight of water ^ 



To those inexperienced in Hydraulic Machinery it may 
seem difficult to regulate and control the great forces that 
may be developed, and yet no power admits of more easy 
and delicate manipulation. Rams, rods, etc., are easily kept 
water-tight by simple leather packings in the form of Cupped 
leathers or rings. These Cup leathers are shaped by 
Hydraulic pressure in iron moulds, and are made from 
specially prepared leather, pressed whilst the leather is 
moist, and kept in the moulds until dry, so that they retain 
the requisite shape. 

The Pressure water acts upon the inside of the U-shaped 
leather, and forces the one side against the surface of the 
Ram and the other side against the Walls of the recess, in 
which the leather is placed. The greater the pressure the 
greater the force with which it is pressed outwards. 
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* 
Controlling valves operated by hand levers, the plungers 

of which need not exceed i in. to i^ in. diameter, and having 

only 2 or 3 ins. stroke, may be so constructed as to control 

the action of Hydraulic Machines, exerting many tons 

pressure, and may be operated by a child. Such controlling 

valves can be simply and efficiently packed by rings of 

leather, not more than J- or i^^-in. square in section. Such rings 

will prevent any pressure water from passing them, and by 

moving the valve up or down any ports may be closed or 

opened, or put in communication with one another, according 

to the arrangements of the rings and the recesses. The 

Writer has arranged three such valves in one casting, not more 

than I ft. square, controlling six sets of Hydraulic Telescopic 

Rams, as fig. 28, and working heavy Travelling Cranes, all 

Travelling, Traversirtg, Lifting, and Lowering being done by 

one operator. 



CHAPTER IX 

HYDRAULIC RAMS 

There frequently exist conditions where it would be of 
advantage to expend part of a supply of Water for the 
purpose of delivering a smaller portion thereof to some higher 
elevation, and for such purpose the " Hydraulic Ram '* is a 
most suitable medium. 

As with other Hydraulic Motors, the power is obtained by 
utilisation of a fall of Water, but inasmuch as this class of 
machine can be worked with either a constant or an inter- 
mittent flow from a Stream or Spring, with a Head as low as 
3 or 4 ft, forcing water to many times the height of the head, 
and as it is entirely self-acting, and will continue working 
without attention for an indefinite period, it is an exceedingly 
useful machine when fixed under suitable conditions. 

The sketch given in fig. 30 shows the simplest form of this 
Machine, and its description will largely serve to make plain 
the principle upon which Hydraulic Rams work : — 

N being a Tank, Reservoir, or Stream. 

D an inclined pipe from same to some position where a 

free outlet can be obtained. 
C a valve operating outwards with free opening at F. 
E a delivery pipe to a trough at T. 
ab the highest level to which water can rise in the 
'* Race." 

The action of the Apparatus is as follows : — Whilst water 
rhas a free escape through the valve opening at F, the water 
in the pipe D is acquiring Velocity and Momentum, due to 
the head of water from N, which eventually causes the closing 

65 E 
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of the Valve C. When this takes place the momentum of the 
Column of water in D will still be sufficient to cause a flow 
up the pipe E, so that some part of the water will reach the 
trough T. 

The Momentum of the water being thus expended in raising 
a part of the flow to an elevation above the valve C, it comes 
to rest, and the " head pressure " in the delivery pipe E then 
causes the valve C to close on its seat and prevent any outflow 
at F. Reaction then takes place, and part of the Water 
returns to N, until relief of pressure allows the valve at C to^ 
again open, when the cycle of operations is repeated. 

A simple apparatus of this kind may be used to raise water 
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to a small elevation, say as high above the water level at N" 
as that level is above the Tail Race level a — b. 

In its more advanced form the Rebounding action of the 
water is brought to bear upon air confined in a vessel, com- 
pressing it in such manner that its after expansion is utilised 
to drive a portion of the water up a delivery pipe to a height 
proportioned to the original force of the water entering the 
Ram. 

Fig. 31 illustrates the general arrangement of such a 
machine. 

The water under pressure due to the " head " in the inclined 
pipe A (usually termed the " Drive pipe '*) flows into the Ram 
R, and by its momentum closes the weighted valve C, thus, 
cutting off* escape of the water at the opening D. The sudden 
check of its flow, due to the closing of C, causes the opening: 
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of the valve E, and allows an inrush of water into the Air 

Vessel F, which compresses the air in the upper part of this 

vessel, forming an Elastic Cushion. The impulsive force of 

the water being thus expended, the weighted valve at C falls 

and allows water to escape 

at D. 

The air compressed in the 

Air Vessel at F now expands, 

closing down the valve at E, 

and by its expansive force 

driving a part of the water 

contained in the vessel up the 

delivery pipe H. 

The valve at C is so weighted 
'that it falls quickly, allowing 

Relief of Pressure, and it is 

upon the proper balancing of this Valve that the efficiency of 

a Water Ram very largely depends, as, if improperly weighted, 

heavy shocks may occur, or much " slip *' of water may results 
In the delivery pipe H is fixed a Retaining valve K, the 

function of which is to prevent the return of water into the 
Air Vessel during following pulsations of the Ram. A suit- 
able Air valve, or " Snifting Valve,*' M is inserted in the neck 
of the Air Vessel to allow of the admission of a " snift " of air 
at each pulsation of the machine, thus keeping the air chamber 
charged with air. 

As will be seen, there are no moving parts in the machine 
other than the Valves, and their movement being quite auto- 
matic, the machine should require no attention save occasional 
cleaning. 

The quantity of water the machine will deliver to a superior 
elevation amounts to only a small proportion of the whole 
■quantity flowing into the apparatus, the remainder being run 
to waste. Any Stream having a velocity of anything over 
1 5 ft. per second will suffice to work a Ram. 

The pipe conveying the water to the Ram should be laid 
with an inclination downwards towards the Ram of, at leasts 

I ft. in every 2 ft of length, and it should be from 25 ft. to 

E 2 
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50 ft. in length, according to the height of Delivery in the 
Rising main H. This pipe, if 2 in. diameter or under, may 
be of wrought-iron, but, if over that diameter, cast-iron Spigot 
and Socket pipes will be usually found the least costly. 

The Height of the Supply Reservoir above the Ram should, 
for favourable results, be about ^ of the height to which 
the water has to be delivered, and it should never be less, at 
any rate, than 8 to 10 ft. 

A rough Rule for calculating the duty of a " Hydraulic 
Ram " is as follows : — 

To force water to a height and through a length of, say, 
150 to 200 yds. of pipe, properly proportioned, it may be 
estimated that \ of the water passed to the " Ram " can be 
discharged at an elevation 5 times as great as the " Head " of 
the Supply. ^ of the supply may be forced to a Height 10 
times the " Head." ^^. of the supply may be forced to a 
Height 20 times the " Head." 

The Efficiency of the " Hydraulic Ram " decreases rapidly 
in proportion to the increased height of delivery. 

To ascertain Percentage of Efficiency, — Divide the Height 
of the " Lift " by the Height of the *' Fall," and below the 
figure corresponding to the result will be found in the 
percentage of efficiency : — 



Lift-Fall . 
Efficiency . 


4 

•75 


6 
•68 


8 

•57 


10 
•48 


12 
•38 


14 
•32 


16 
•23 


18 
•17 


20 
•12 


25 
•10 



Thus, 

To deliver water 60 ft high with 1 5 ft. Fall the Efficiency = 75. 
„ 144 ft. „ 12 ft. „ = about '38. 

Given the quantity of water in cubic feet delivered to the 
Ram per second. 

To find diameter of supply pipe in terms of feet 

1*45 X Vof quantity = diameter in feet. 
To find diameter of delivery or Rising main 

75 X Vof quantity = diameter in feet 
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The proportioning of the valves in a Hydraulic Ram is 
the province of the Manufacturer, so that it is needless to go 
fully into that question. When ordering a Ram, however, it 
will be well to fully inform the makers as to the selected 
position for placing it relative to the Supply. In this connec- 
tion it is well to state that the Supply pipe (or " drive pipe ") 
should be of considerable length and laid straight, avoiding 
any bends as far as possible, and having an inclination (as 
already stated) of at least i ft. in every 2 ft. towards the 
Ram. Since the section of the machine is dependent upon 
the valve suddenly arresting the flow of the supply water, and 
by its " Reactionary force " compressing the air in the Air 
Vessel, it is important that this matter of arrangement ot 
the " Drive pipe " should be carefully considered. 

The contents of the Air Vessel in cubic feet should equal 
the contents of the '* Rising main " (or ** Delivery " pipe). 

Beside the arrangement of Hydraulic Rams as above 
described, other adaptations of the apparatus are constructed 
to deliver Clean water from one source of supply, whilst the 
machine is operated by Dirty water from another source. 

Since the Hydraulic Ram is an Automatic pumping appli- 
ance, it affords a n>ost useful medium for pumping water 
from a Spring or small Stream to Storage tanks at a higher 
elevation, and by a very simple arrangement of Supply tank 
intermittent or scanty supplies may be utilised. 

A very efficient Storage tank for small or intermittent 
supply is illustrated at fig. 32. 

A is a Cistern or Reservoir, into which the water from a 
Spring is led by the pipe or trough B. C is the pipe leading 
from the Cistern to the Ram (" Drive pipe ") closed by a 
weighted, hinged valve D, operated by a chain led over a 
grooved pulley E. To the other end of the chain is attached 
a metal vessel F, the weight of which is a little less than that 
of the valve D. A small pipe is led through the wall of the 
Reservoir at H to deliver water into the vessel F, at bottom of 
which vessel are two or three small holes (about ^ in. diameter). 
The action of the apparatus is this : Water trickles into the 
cistern from B until its level reaches the small pipe H, when 
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part of it flows through and fills, or partially fills, the 

vessel F until its weight, acting through the chain and pulley, 

opens the valve D, and allows the water collected in the 

Cistern to flow through C to the Ram, whence part of it is 

forced up to the required 

point. The weight of 

water in the Vessel F 

holds the valve open, 

until the water has run 

from F (through the 

small holes referred to 

above), when, the water 

being exhausted in A, 

the weighted valve 

closes, and allows the 

cistern again to fill and 

provide a fresh supply to the Ram. 

The following Rules and Memoranda in relation to 
flowing Water will be found serviceable : — 

To ascertain the Theoretical Velocity of Water flowing 
through a pipe : — 

^w/lr.— Multiply the Square Root (see Table II.) of the Head of 
water in feet by 8-03 ; the product is the Theoretical Velocity in 
feet per second. 

Example. — Required Theoretical Velocity due to a "Head" of 
water of 35 ft. 

Jn-i. 

and 5 x 8-03 = 4015 Velocity in ft. per sec. 
(See also Table IX.) 

Or, Multiply the Head of water in feet by 64 '4, and the Square Root 
of the Product will equal the Theoretical Velocity in feet per second. 

Example. — ag x 64"4— 1610. 

•/i6io = 40i4 ft. per sec. 

Note. — That in practice it is sufficiently near to take 8 and 64, 
omitting the decimal in the two above Rules. 

To ascertain the quantity of water dischai^ed. 

Rule. — The velocity in feet per second (as above) multiplied 
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by the area of opening in square feet, and by 6*20 = Gallons 
discharged per second. 

To estimate approximately the Velocity and Discharge of 
a Running Stream :— 

To measure the Velocity the readiest method is to select 
a piece of straight and unobstructed run of the stream, 
measure, and peg off, say, 100 or 150 ft. on the bank, in the 
direction of the flow of the water. Start a " Float " (which 
may be a small block of wood, or a cake of wax, or a bottle 
partially filled and corked) at as near the middle of the stream 
as possible and at a little distance above the Measuring 
Stake. Then by the seconds hands of a watch note the time 
in seconds that the Float occupies in passing the measured 
distance. 

This distance in feet or in inches, divided by the number 
of seconds occupied by the Float in passing over it, will give 
the greatest Surface Velocity In feet or in inches per second. 

In small shallow streams the Velocity so obtained should 
be fairly correct as a measure of the velocity of the whole 
stream, but if the stream is deep (say half the width or more 
in depth), then the Greatest Velocity would probably be at 
about \ of its depth, and to accurately observe this the Float 
should be so weighted as to travel at that depth, a projecting 
" mast " being arranged to show above the water level. 

Then 

The Velocity ) ^ f Area of section of ) __ Discharge in 
in seconds ) \ stream in sq. ft. 3 Gallons per second. 

Rules* 
To find Discharge — 

Area x Mean Velocity = Discharge, 
To find Area — 

Discharge ~ Mean Velocity = Area. 

To find Mean Velocity — 

Discharge -r Area = Velocity. 

Note, — All terms may be in inches instead of feet, and all terms 
0iay be in minutes, or hours, instead of seconds. 
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To estimate the H.P. of falling water — 

Cubic feet per minute x { ^if^^V^^^^^ \ x 62-5 



33,000 



= H.P. 



Example. — Over a fall of 16 ft. in vertical height 800 cub. ft. of 
water is discharged per minute, required the H.P. 

800 X 16 X 62'5 . ^ TT T3 

•> = 24*25 H.P. 

Before leaving the subject of Hydraulic Rams it may be 
well to state that they possess one disadvantage in that 
/there is a certain amount of shock and noise incident to the 
closing of the valve C. If the closing of this valve be retarded 
too much in attempts to diminish the shock, the efficiency 
of the machine is impaired through the loss of too much of 
the energy of the flowing water.^ In the smaller sizes of 
machines, say up to 3 in. or 4 in. diameter of Drive pipe, this 
shock is not so great as to cause special inconvenience. In 
larger sizes of the apparatus an extra air chamber and air 
valve are introduced by some makers, with other additions 
designed to overcome the above-named objection. Such 
Rams are now frequently constructed of such size as to re- 
quire 2 ft. diameter pipes, and are made to work with great 
smoothness and absence of shock. 

Figs. 33, 34, show an ordinary arrangement for the installa- 
tion of a Hydraulic Ram, although it need hardly be said 
that very many modifications of same may be adopted to 
suit circumstances. 

In these illustrations, R is the Ram, S the supply Reservoir 
fed from River or Stream T, D the Drive pipe to supply 
water to the Ram, W the waste or overflow pipe, N the 
delivery pipe. 
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The various appliances for developing and communicating 
the power of falling water are too numerous to admit of detail 
within the limits of these notes, but it will be well to give 
some attention to the two most ordinary methods of utilisation 
of such power, viz. ** Waterwheels " and " Turbines." 

Referring to the remarks made in previous chapters, it 
will be noted that in general bearing they refer to water 
confined in Pipes or Closed vessels. In dealing with the 
subject of Waterwheels, it is necessary to take into account 
the effect produced by water falling freely, and unconfined 
by trough or pipe, upon "Floats" or Buckets fixed upon the 
periphery of a wheel, and to ascertain this it is essential to 
have regard to the " Law of Falling Bodies." In this con- 
nection the Table given below will be of assistance, showing 
that it is requisite to use as data the Space fallen through, 
and the Time occupied in falling through that Space, to find 
the Velocity acquired by the falling body : — 



Space Fallen 


Time of 


Velocity Acquired 


Space Fallen through 


through 


Falling in 


at the End of the 


during the /as/ 


in Feet. 


Seconds. 


Time, per Second. 


Second of the Time. 


1 6 feet 


I second 


32 feet 


16 feet 


64 n 


2 „ 


64 » 


48 „ 


144 » 


3 » 


96 n 


80 „ 


256 „ 


4 ,y 


128 „ 


112 „ 


400 „ 


5 », 


160 „ 


144 » 


576 „ 


6 „ 


192 „ 


176 „ 


1024 „ 


8 „ 


256 „ • 


240 „ 


1600 „ 


10 „ 


320 „ 


304 n 
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Given the items of the Space fallen through, and also the 
Time occupied in its falling through that space ; this resolves 
itself into the following formula : — 

Square root of the height ) « rr / •. - j . j 

- .. ** > x?t=Veloaty acquired per second. 

Thus, it is required to find the Velocity of a Body Falling from a 
height of 80 ft. 

Rule. — Multiply the square root of the height by 8. 

Example, — (Referring to Table of Square Roots) ^80 = 9. 
.*. 9 X 8 = 72 ft. velocity per second. 

It is required to find Velocity of a Falling body when the time is 
given. Say time 6 sees. 

Rule, — Multiply the time in seconds by 32. 

Example, — 6 x 32 = 192 ft. per sec. Velocity acquired. 

Or, knowing the Velocity^ what Time is taken in falling ? 

Rule, — Divide the Velocity by 32. 

Example. — The Velocity =72 ft. per sec. 

72 

'_ = 2 '2 c sees. 

Or, having the Velocity, to find the height of the fall. 

Rule, — Divide the Velocity by 8, and the square root of the 
product = Height of fall. 

Example, — The velocity, 72 ft. per sec. 

72 

~ =9, and 9^= 81, which is the Height of the fall in feet 

o 

A Weight takes a certain number of seconds to fall ; required to 
find the space fallen through in the last second of time. 

Rule, — Multiply the number of seconds by 2, and by 16, and subtract 
16 from the sum = space fallen through in the last second of time. 

Example, — Say time in falling 2*25 sees. 

2*25 X 2 X 16 = 72, 
and 72 - 16 = 56 ft., the Space fallen through in the last second. 

The height fallen through by a certain weight being given, what 
time will it take in falling ? 
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Rule, — Divide height in feet by i6 ; the square root of the product 
gives the time in seconds. 

Example, — Say the height fallen through is 80 ft. 

80 

76 = 5 

^ = 2-236. 

The time in seconds taken by a weight in falling, to find the space 
fallen through. 

Rule, — Square the time in seconds, and multiply by 16, gives the 
space fallen through. 

Example, — Time, say, 2*25 sees. 

2-252 = 5-06, 
5 '06 X 16 = 80 ft., the space fallen through. 

Now, in considering the question of the Mechanical energy 
of Water, when brought to bear upon any Hydraulic Motor, 
it is necessary to take as factors the Velocity at which the 
stream is brought into action, the Pressure, due to the height 
of its fall on, or into, the machine, and the Elevation at which 
it is brought to bear, relative to the point of Escape after its 
work is done. The less the energy of the escaping water, 
relative to its original capability, the more efficiently has it 
been made use of. 

A machine may be worked by any one of the Factors 
enumerated, by Velocity of the water, by the Pressure due to 
its Head, or by its Elevation (as above defined). Or a com- 
bination of such factors may be developed in a machine. It 
should always be borne in mind, when wishing to obtain 
Mechanical results with the maximum economy, that the 
greater the Head, the greater the Velocity of the water, and 
the greater the velocity of the water, the less the quantity 
required for a certain H.P. 

Waterwheels, though old-fashioned, may still be frequently 
used with advantage in many situations, though it cannot be 
claimed that they are less costly in construction than other 
Water motors of greater efficiency. 
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The ordinary varieties of Waterwheels are : — 

Overshot Waterwheels. See fig. 38. 
Breast „ „ See figs. 36 and 37. 

Undershot „ „ See fig. 39. 

The approxinnate Relative Efficiency of these may be 
taken as under, theoretical power being lOO: — 

Overshot Wheel, '68. Breast Wheel, 55 to -60. 

Undershot Wheel, "35. Poncelet Wheel, 60. 

So it is obvious that, where circumstances admit, it is more 
advantageous to employ an Overshot Wheel than either of 
the others, since the degrees of eflficiency noted above refer 
to Wheels of uniform diameter. 

As a Wheel of any kind properly constructed is balanced 
upon its Axle, the force required merely to turn the Wheel 
would only be that necessary to overcome the friction of the 
axle in its bearings. Of course, it follows that the lighter in 
construction the wheel may be, the less the* friction. 

Since the Water falls freely upon the periphery of a Water- 
wheel, a large percentage of the energetic force of the water 
is liable to dispersion by splashing, and especial attention 
should therefore be given to making the buckets of the 
Wheel of such shape as may best retain the water falling 
upon it, and utilising the weight of such body of water as 
long as it can be retained on the descending side of the 
Wheel. 

The Weight of the water, after previous explanations, may 
be readily ascertained in any given case. 

The illustrations given on pp. 78-80 will serve to elucidate 
this subject. 

Fig. 35 shows what is ordinarily termed a "Floating Mill 
Wheel," and is so designated, because some of the " Floats " 
AAA are partially submerged in a Running stream, the 
impetus of which brings force to bear upon the Wheel. Such 
wheels are usually constructed about 12 ft. to 15 ft. in 
diameter, and have from 9 to 12 floats, the wheel being 
about 2 ft. to 2 ft. 6 in. in width. It should be so hung that 
not less than 2 Floats are immersed in the water at once, to 
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about one-half of their depth. The velocity of such wheel 
should approximate half the velocity of the Stream, 

"Undershot" Waterwheels are arranged somewhat in the 
manner above described, but have a larger number of angular 



Fig. 35- 

or curved Buckets, instead of the Floats, and are worked 
by a Stream of water to which a slight fall has been given 
by damming the water above the Wheel to some extent, 
giving it a somewhat greater Velocity than that of the 
Supply stream. Such wheels are usually constructed lo ft. 




to 20 ft. in diameter, and used for falls up to about 6 ft. The 
thickness of the entering stream of water should not exceed 
10 in. As in these Wheels the Momentum of the water 
alone is utilised, their ratio of Efficiency is not high, being 
usually about -30 to -35 of the actual power. 

Fig. 36 illustrates the arrangement of a "Low Breast" 
Waterwheel, in which the Water is brought to bear upon the 
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Wheel on the side nearest to the Sluice, reaching the Buckets 
at a point coincident with, or betow, a horizontal line taken 
through the Centre of the Wheel. 

Such "Wheels" are used for falls as low as 6 ft. or 8 ft., 
being about 15 or 16 ft. in diameter. The distance between 
the Buckets should be 9 in. to 1 3 in., and the depth of the 
shrouding about 16 in. Efficiency about -50 per cent, to 
'55 pc cent. 

Fig. 37 shows the arrangement of a " High Breast " Wheel, . 
in which the water is led on to the wheel above its horizontal 
centre line, thus utilising the Weight of the water through 
a greater extent of fall than in the case of the Low Breast 
Wheel. The increased efficiency of the former amounting 
to about 5 per cent, to 8 per cent, for the same size of wheel. 
The distance between the Buckets should be 6 ins to 8 ins., 
and the depth of shrouding about 1 2 ins 

An approximate rule for finding the number of Buckets is : — 

Wheels 12 ft, to 25 ft. diam. Diam. x 2i = No. of Buckets- 

25 „ „ 40 „ „ „ X2'3 = 

„ 40 „ „ 50 „ „ „ X2-4= „ 

In " Breast Wheels" the Water acts by its Weight alone, 
dropping into the Buckets almost vertically ; they should 
therefore be set in a pit or 
" Race," with the Apron or 
Breast B curved to fit as 
closely as practicable to the 
periphery of the wheel and 
thus prevent undue waste of 
water. The Penstock P 
should also fit the wheel as 
closely as possible. 

The illustration (fig. 38) -^^^ 

shows an " Overshot Wheel," 

where the stream is led on to the Wheel at the top in such 
manner as to make the fullest use of the weight of the water 
in its descent from N to P, and, to a small extent, also- 
utilises some portion of the Impulsive power of the Stream- 
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As this arrangement allows of a greater Depth of Fall 
than in a Breast Wheel, as well as taking some advantage 
of impulsive force, it is obvious that the ratio of efficiency is 
much larger than in the case of Undershot or Breast Wheels. 

This type of Wheel is used for falls of lo to 70 ft, with 
Head-water level varying not more than 2 ft. 

It is desirable that the water should have a greater Velocity 
than the periphery of the Wheel. Presuming the latter to be 
■6 ft. per second, the former should be about ro ft. per second. 
This is the velocity acquired by Water falling through a 
height of 15 ft, so that it should enter the wheel at a point 



Fig. 39. 

that distance below the level of the surface of the " Head " 
water. 

The diameter of the wheel may be arranged for any fall 
up to, say, 70 ft 

Depth of Shrouding= 10 to 18 ins. 

Number of Buckets = Circumference -^ Depth of Shrouding, 

The water supplied to the wheel should not exceed about 
\ of the Capacity of the Buckets directly under the sluice 
opening, otherwise there may be considerable loss of water 
by spilling. 

Fig. 39 is a sketch of a modification of the " Undershot 
Wheel," where the stream flows on to the Floats through 
a Sluiceway at bottom of a Mill dam. The "Floats" or 
" Buckets " in such Wheel being suitably curved, it may be 
made to yield an efficiency as great as that of a High Breast 



Waterwheels 8 1 

Wheel. This arrangement is known as the " Poncelet " 
Wheel. 

Since it is evident that water falling into Buckets of a 
Waterwheel is liable to a considerable amount of waste by 
Splashing, and that every economy in this respect adds 
greatly to the efficiency of 
a Waterwheel, the question ' '^^ ^nc^wc suckcts 
of so proportioning and shap- ^ * %c 
ing the Buckets as to minimise 3 , \z*^r<» i^*^ 

this loss is an important one, ^ ^ 

as is also that of retaining — ■' " 

the water on the Wheel as 



AiL 




long as it can produce useful -^ ^-^ . ^^l^ 

effect. With this end in view, iT^IkT 

the Buckets are shaped as a 

series of Troughs, constructed 

in wood or metal, and of 

shape somewhat as shown in 

fig. 40, and so arranged and spaced that each Bucket comes 

into place for filling just at the time its predecessor has gone 

forward loaded. 

The supply should be so regulated by Sluices that only 
sufficient is passed on to the Wheel to keep the Buckets 
filled, or only partially filled, as may be required. 

Effective H.P. of Waterwheels 

Undershot Waterwheel — 

Low Breast Wheel — 
<3uantity X Head 

High Breast Wheel — 
•Quantity x Head 

Overshot Wheel — 
Quantity x Head 



•I 

in V X •( 



X 00104= 
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XOOI3 = 
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X '00128 = 


» 




F 



82 Pumping and Water Power 

Velocity of ''Breast'' and " Overshot " Wheels- 
Height of Fall. Velocity of Wheel Peri- 
phery per Second. 



5 feet. 


7 


feet. 






lO „ 


6 


>} 


6 inches. 


15 .. 


6 


»> 


2 




20 „ 


5 


» 


8 




25 .. 


5 


» 


4 




30 „ 


5 


» 







40 „ 


3 


>f 


8 




SO „ 


3 


»> 


4 





To ascertain the Velocity of the Stream of Water in feet per 
second or per minute. 

^Head in feet x 8*025 = Velocity of stream in feet per second. 

^Head x 48 1 5= Velocity in feet per minute. 

See also Table IX. 

In respect to the Conveyance of the Power from the Wheel 
to the Machinery which it is intended to operate thereby,, 
this may be accomplished by a Crank keyed upon the shaft 
of the wheel, or by Gearing, or by Pulleys and Belting, as 
may be most convenient, and in this connection a few simple 
Rules for proportioning same may be found serviceable. 

In the case of a Crank: Suppose the diameter of the Wheel 
to be 12 ft. (radius 6 ft.) and the Crank E 18 ins., then the 
effective work of the Crank would be that of a Lever of which 
the radius would be the longer arm and the Crank the short 
arm, the Power being applied at the periphery of the wheel. 

Proportioning Pulleys 

The number of Revolutions of a Wheel per minut^, being 
multiplied by the diameter of the pulley on its shaft, and 
divided by the number of Revolutions required on the driven 
machine = The required diameter of Driven pulley, or thus : — 

To ascertain diameter of "Driven" wheel — 

As the re- The diam. of The diam. The required No- 

quired No. : Driving pulley : : of Driving : of Revs, of 
of Revs. or wheel pulley Driven pulley. 
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To ascertain number of Revolutions of Driven pulley — 

As diam. No. of Revs. Diam. of Required No. 

of Driven : of Driving : : Driving : of Revs, of 
wheel ' pulley pulley Driven pulley. 

If the power is first conveyed to a Countershaft and thence 
to the Machinery to be operated, find the proportions as 
under : — 

The shaft of a machine A (fig. 37) is required to run at a 
certain number of Revolutions, when driven through a Counter- 
shaft C, by a Motor-shaft B running at a certain speed ; then 




t 



^ 
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F^_i 



^ 
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^ 



Fig. 41. 

To find diameter of pulley D — 

Revolutions of A x Diam. of A 
Revolutions of C 



Figs. 42, 43, and 44. 



= Required diam. of D. 



To find diameter of pulley A — 

Diam. of D x No. of Revolutions of D 
Required No. of Revolutions of A 

To find diameter of pulley E — 

Diam. of B x No. of Revolutions of B 
Required No. of Revolutions of E 



= Required diam. of A» 



= Required diam. of E. 



Lever Powers. 

Lever of First kind (see fig. 42). 

F is the Fulcrum. W is the Weight. P is the Power, 

Wx Distance FW 



Distance WF 



= The Power required at P to balance W. 

F 2 
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Lever of Second kind (see fig. 43). 

P X Distance P F 

— =:^^ -,T^' = The Power required at P to balance W. 

Distance P.F. ^ 

Lever of Third kind (see fig. 44). 
W X Distance W.F. 



P 
and 

P X Distance P.R 
W 



= Distance P should be from F to balance ; 



= Distance W should be from F to balance. 



To ascertain the mechanical advantage of Sheaves : — 

Weight to be raised — 

Number of movable pulleys x 2 = power. 

The number 2, multiplied by itself as many times as there 
are movable pulleys, will give the mechanical.^advantage or 
the relation of power to weight. 



CHAPTER XI 

TURBINES 

Turbines may be said to be an evolution of the Water- 
wheel. The large size and cumbersome nature of the 
latter, though not always a detriment (since they may be 
used to advantage in situations where the installation of a 
Turbine would entail too great a cost in importing and 
erecting same) in every sense, still renders the use of the 
former advantageous in very many cases. 

There are very numerous varieties of Turbines, adaptable 
to as many conditions of work, and hence the selection of 
the machine for specific work is a matter requiring a 
considerable amount of care. Indeed, the considerations 
which should govern such selection are so numerous that 
it is not possible to do more in such a short treatise as this 
than give some few data that may serve as a guide to 
intending users. 

In general terms it may be stated that, whereas in the 
Waterwheel the latent power of the Water is brought into 
action by utilising its free floWy the Turbine is a machine 
designed to obtain greater effect from water in Confinement. 
Since a running stream of water possesses ordinarily three 
elements of energy, viz. its Velocity, its Pressure due to its 
Weighty and its Pressure due to its Elevation Head, it must 
be evident that any machine which will utilise all three of 
these will prove the most efficient motor. 

As already pointed out, the " Elevation " head is well made 
use of in the old-time Waterwheel, driven by causing the 
water to flow on to a Wheel, and falling from an elevation 
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to a lower level. But to make use of the " Pressure " Head, 
the water should be confined in such manner that the force 
due to its " Head " shall be concentrated upon the machine 
it is intended to move. In the Turbine this object is 
attained by directing the flow of the water upon the Blades 
or Arms of a Wheel confined in a casing, surrounding a 
central fixed distributing medium, or by a modification of the 
two, the power developed being taken off the machine by 
gearing or shafting. 

By confining the Power water and directing the course 
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Figs. 45, 46, and 47. 



of Its energy through the medium of curved blades or arms 
(which are termed "Vanes" upon the movable wheel and 
"Guides" upon the fixed portion of the machine) of certain 
shape and disposition, the water force is brought to bear 
without shock, and allowed to flow to waste freely after 
expending such force. A very large proportion of its useful 
effect is utilised, giving an efficiency of 75 per cent, in a 
well designed machine, and occasionally as high as 80 
per cent. 

It may be said that a " Turbine " is really a " Centrifugal 
pump" reversed, and having Guides to direct the water in 
its course as it enters the wheel. 
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The machines are constructed for applicability to falls 
varying from 5 or 6 ft, to several hundreds of feet, modifica- 
tions of design being introduced according to the work. 
When used for very low falls, the machine may be immersed 
in a " Tank " or " Flume," whilst for higher falls (say over 
15 ft.) the water is led in pipes to a Casing surrounding the 
machine (see illustrations, figs. 45, 46, and 47). They are 
constructed to work with the wheel in either a Horizontal or 
a Vertical position, according to requirement, the vertical 
position being the least used. 

The varieties of "Turbines" principally differ in the 
arrangements adopted for changing the Direction in which 
the water flows through the Turbine, the controlling and 
regulating of the Water supply, etc. They may, however, 
be classed under three general types, viz. : — 

Outward Flow Turbines, 

Inward Flow Turbines, 

Downward Flow Turbines (a combination of the above), 

and these, again, may be classed as ** Radial Flow," and 
** Axial Flow." It should, however, be understood that these 
classifications arise rather as matters of convenience to suit 
certain conditions, without involving any material difference 
of action. Some Turbines are so constructed that all the 
passages in the machine require to be entirely filled by the 
water, and this kind (known as " Pressure Turbines ") may be 
worked most advantageously when submerged altogether in 
the Tail water. 

Another description, called " Impulse Turbines," are so 
arranged that the water is passed through the passages 
of the Wheel without entirely filling them. These must 
be so fixed as to discharge always above the " Tail race," 
and may be worked by varying degrees of pressure as 
•desired. 

Since " Impulse Turbines" will not work when "drowned," 
they should not be adopted if the Tail water is liable, 
under any circumstances, to rise to the level of the Machine. 
^* Pressure Turbines," on the other hand, work best under 
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water, but if such disposition is not convenient, they may 
be fixed at any height, less than about 22 or 23 ft. c^ove the 
Tail race, and the waste carried away in a pipe to the 
" Race," The " Pull," caused by the Bow of this discharged 
water tells as Power, so that the effect of the " head " may 
be estimated as due to the total height from "Tail Race" 
to " Inlet." 

If the water supply should not be full and constant. 
Impulse Turbines are most suitable, as this kind more 
readily admit of regulation according to the supply. They 
are also best if the height of the " fall " is great (say 



Fig. 4S. 

in excess of 40 or 50 ft.). With ample supply and 
moderate " Fall," Pressure Turbines will give the greater 
satisfaction. 

The illustrations figs. 45 to 48 will serve to explain some 
of the points of difference in the arrangements of the classes 
of Turbines, but space does not admit of giving any full 
details. The following letters of reference will define the 
parts of the Machines : — 

(In all cases A A refers to the fixed portion of the machine^ 
and B B to the moving part.) 

C is the Delivery pipe to the Turbine, 

The Fixed curved Blades are called "Guides," and 
lettered G. The Moving Blades are termed " Vanes," and 
lettered V. 
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Water Required per H.P. 



Head in feet 


30 


40 

•29 
•28 

30 


50 


60 

•20 
•18 


70, 

•15 

•14 

43 


100 




Cubic feet per H.P. 
per second . 
Do. 


•39 
•37 


•23 
•22 


•117 
•II 


Efficiency 
•80 


Velocity of periphery 
in feet per second . 


26 


34 


37 







Table X. (page 115) gives some useful data relative to 
" Downward Flow Turbines." 

The following Rules will also be found of service in any 
calculations relating to Turbines : — 

The velocity of the Periphery of the Wheel varies from *5S 
to '60 of the Velocity .due to the " Head," the latter being 
given in Table IX. 

The number of Revolutions per minute may be found 
approximately by dividing 10 times the velocity of the 
periphery (as above) by the Radius of the wheel. 

It should be noted that, although the speed of the Wheel 
of a Turbine is dependent upon the Velocity of the water, 
the diameter of the Wheel may be selected so as to give any 
required number of Revolutions, 

Of the same genus as Turbines, are *' Tangent Wheels," 
which are very serviceable for many classes of work 
where a high rate of speed is desirable, and a considerable 
Water pressure is available. In such wheels the water is 
brought to bear upon curved " Buckets " or " Vanes " at a 
tangent to the periphery of the wheel, the arrangement being 
somewhat as shown in fig. 49. In such machines the pressure 
water can be regulated by an adjustable Sluice as shown, or 
by a stop-valve. 

Very careful attention should be bestowed upon the con- 
struction of the " Race " or " Flume " used to conduct the 
water to, or from, a Turbine, and it is, as a rule, desirable to 
arrange same so that the water should not travel faster than 
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about 90 ft, per minute. Provision should always be made 
for the prevention of foreign matter passing to a Turbine 
with the Power water. 

There is no Turbinq of any make or class equally adaptable 
to all conditions of Quantity and Fall ; hence it is always 
desirable to afford all possible information to the makers 
when ordering, and, whenever possible, by sending a sketch 
showing the proposed site for the Turbine, and its relation to 
the machinery it 'm required to drive. 

The following data should always be supplied : — 
The purpose for which it is designed to use the " Turbine." 
What "Head" of water there is available (i.e. the vertical 



Fig. 49. 

distance from the surface of the water destined to supply the 
Turbine, to the lowest level to which it can fall and flow 
away freely). 

The Quantity of water flowing per minute that can be 
depended upon. 

The particular speed at which it is essential that the 
shafting should be run. 

To ascertain how much Power is available from a Stream, 
the flow of which has been gauged : — 

Multiply the number of cubic feet of water per minute by 
625 (the weight in pounds of i cubic foot of water), and this 
again by the height of the fall in feet, which will give foot- 
pounds. Foot-pounds t- 33,000 = H. P. 
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With the best proportioned and constructed Turbines, 
75 per cent, to 80 per cent, of this result should be taken as 
the useful effect that can be obtained. 

Note, — I need not point out that in this matter of Turbines 
it does not come within the scope of this work to deal with 
the application of ** Steam " to the usage of the Turbine ; as 
the present treatise refers only to its adaptation to Water 
Power. 



CHAPTER XII 

PELTON WHEELS 

The " Pelton " Waterwheel is a Direct Pressure Wheel, and 
is more especially iatended for use under a force of water 
due to a considerable " Head," being rarely used for heads of 
less than 50 ft., but frequently put to work under heads ot 
even over icoo ft. 

The diameter of the Wheels themselves vary from 6 ins. 
to as many feet, but the power of the wheel is less dependent 
upon its diameter than upon the head and quantity of water 
brought to bear upon it. For a considerable head a smalt 
wheel only could have been requisite, whilst for low heads,, 
with fairly large quantities of water, a much larger wheel may 
be advisable. 

The Wheels are fixed in a vertical position upon a hori- 
zontal shaft, and either with or without any casing or Wheel 
Race. The force of the water is brought to bear upon the 
wheel through the medium of small jets (one or more in 
number, as may suit circumstances) delivering at a tangent to 
the periphery of the Wheel, into Cups or Buckets attached 
to the outside of the rim of the Wheel. Much of the 
efficiency of the machine depends upon the shape, number, 
and proportion of these buckets, and the size of the Jet must 
be selected proportionate to the quantity of water, the height 
of the fall, and the diameter of the wheel and its required 
speed. 

The speed of the smaller wheels may vary from 800 to 

2000 Revolutions per minute ; with the larger sized wheels^ 

150 Revolutions to 300 Revolutions per minute. 

92 
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A Wheel of this type may be adapted to different 
•conditions of Water supply without loss of useful effect, by 
exchanging a Nozzle of one size for a larger or smaller 
one, as the case demands; for an increase of supply 
using a larger nozzle, a smaller one being substituted for a 
diminished supply. 

It should always be borne in mind that the Quantity of 
water requisite for developing a given Power decreases in 
direct ratio as the " Head " pressure increases. 

Where considerable head of water is available with a con- 
stant flow, the " Pelton " Wheel constitutes a very cheap and 
•efficient motor. It is readily fixed, and easily kept in repair, 
being very simple in its construction, and it may be worked 
•either by clean or dirty water impartially. 

This class of wheel has attained much greater fame in 
America than elsewhere, but it is likely to be much more 
largely used as its merits become better known. 

"Turbines" are doubtless the more desirable class ot 
machines for use of moderate heads, say to 80 or 100 ft., 
if the water is clean, but for heads above those named the 
^* Pelton " Wheels offer the best medium of power production, 
considering their simplicity, and cheapness, and facility of 
•erection. 

As evidencing the small cost of these motors, it may 
be mentioned that the first cost of a "Pelton" Wheel, 
fitted in Casing, with Nozzle and Stop-valve, the whole 
contained on iron Bedplate and requiring only pipe con- 
nections, etc., capable of developing about 6 H.P., with a 
200-foot head of water, is only about £2^, the weight being 
■about 3 cwts. 

Fig. 50 is a sketch showing the general arrangement of a 
^' Pelton Wheel," and the shape of the Cups or Buckets. 

The Jet of water impinges upon the division plates of the 
Cups, and after exerting its useful effect, flows off* fronri the 
sides of the cups into the waste-water channel below the 
machine, having parted with nearly all its energy before 
leaving the cups. 

The power of a small Wheel can be increased by using two 
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or more nozzles, disposed one above the other, and delivering 
on to the same wheel, a greater amount of pressure water 
being thus brought to bear. Such arrangement, moreover, 
admits of regulating an Intermittent flow, since by shutting 
off one or more of the Jets, the speed of the wheel may be 
maintained ; of course, its power is necessarily diminished as 
each Jet is closed, although, its " ratio of Efficiency " may be 
unimpaired. 

It is not needed to detail the purposes to which this class 
of motor may be applied, since it is suited to driving any 

PE.LTO*0- WHCElUS 



Flo. 5a 

kind of machinery, and where circumstances admit, it may 
even be coupled directly to the shaft of the Apparatus it 
is intended to operate, being frequently fixed upon the same 
Shaft, as in an Electric Dynamo, for instance. 

When making Inquiry or Ordering from the makers of 
these machines, such items of information should be given as 
follows : — 

The amount of Water available, in gallons per minute. 

The greatest " Head " of water available. 

The Power required or purpose required for. 

The Approximate length of piping, and size of same, both 
horizontal and vertical, from the source of supply to the 
proposed site. 
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Whether wood or iron framing is desired, and whether 
wheel Casing is required.^ 

If possible a dimensioned sketch of the proposed location 
of the machinery should be sent. 

Of course, it will be fully understood, from the considera- 
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Fig. 51. 

tion of previous Chapters upon the subject of Measurement 
of supply, Friction of water in pipes, and methods of laying 
pipes, etc., that great care should be given to these points,, 
when deciding upon Installation of such apparatus as the 
foregoing. 

* Wheel Casing is not a necessity ; it may be constructed in Wood or 
Metal, and its usage should depend upon the Conditions of the Work. 

If the Installation is out-of-doors and exposed to weather, then a wood 
" Frame'' and Wood " Casing" may meet requirements. 

If in a Building, it would be more desirable to use a Metal " Casing *' 
and Metal Bedplate, etc. 

Fig. 51 is a sketch of a Pelton Wheel in an Iron Casing. 



CHAPTER XIII 

HYDRAULIC PRESSURE ENGINES 

Whilst dealing with the subject of Water-driven Motors 
it will be well to call attention to a few of those machines 
other than " Waterwheels," and ** Turbines," designed for the 
conveyance of the energy due to falling water confined in 
pipes. 

These may be generally classed under the above heading, 
and embrace engines having pistons of varied shapes, deriving 
motion from the " Head " pressure of columns of water brought 
to bear upon them. Such engines are, as a rule, of large size 
(and, consequently, of high cost), in proportion to the work 
they are designed to perform. Still, they possess exceptional 
advantages in cases in which a Slow, Steady, and Strong 
power is required. With engines of this class a very great 
pressure can be utilised, especially in application to Cranes, 
L,ifts, etc.,^ and the easy governance of such engines, in com- 
bination with the great power they can develop, is such that 
in many cases it is desirable even to use Pumping power to 
produce the requisite Working pressure. 

Small " Rotary " engines working under moderate pres- 
sures are often found very useful, and even economical 
where considerable Intermittent power is in requisition. The 
principal drawback to engines of this class are, considerable 
first cost, and somewhat extravagant usage of fluid energy, 
inasmuch as such engines require as great an amount of 

^ As instancing the adaptability of such Motors — they are largely used, 
also, for providing Power for " Organ Blowing," where Water-pressure is 
•available. 

96 



Hydraulic Pressure Engines 97 

Pressure fluid to work them, whether they are developing full 
or partial power. Thus, they will develop approximately 'So 
of the Water power when doing full worky but only about 40 
or '50 when giving off half-power. 

The most ordinary form of " Water-pressure Engine " is of 
the " Oscillating " type, and so constructed that through the 
agency of a Fly-wheel the Cylinder itself is made to perform 
the work of Admission and Release of the Power fluid. 

The Velocity of the piston in such engines is usually about 
60 ft. per minute. 

The diameter of Water-supply pipe to the engine should 
be '4 of the diameter of the Cylinder for a single-cylinder 
engine. 

A variation of the mechanical arrangement of such engines 
is obvious, as any number of such Cylinders may be arranged 
side by side, or in pairs (one on each side of the crank shaft). 

Hydraulic Rotary Engines are of so many designs that it 
is not necessary to attempt a description of them, but, as a 
rule, they take the form either of ** Disc " or ** Radial " pistons 
in a closed cylinder, operating a central shaft prolonged 
through the sides of the cylinder to carry a driving pulley or 
pulleys. 

Engines of this type possess, to a certain extent, an element 
of simplicity, but also have the disadvantage of excessive 
" Slip *' (which signifies the escape of Power water past the 
pistons without doing useful work), rendering them somewhat 
uneconomical. 

Their Convenience as motors, however, in many cases may 
weigh against their inefficiency as economical machines, but 
it can only be in circumstances where a variable though 
steadily certain power has to be applied^ irrespective of 
considerations as to waste water. 

In the case of the Oscillating engines referred to above, the 

arrangement of the machine is such that very little friction 

occurs, and with an efficiency of, say, 'So the friction in a fairly 

well constructed engine of this type does not exceed about 

5 per cent to 6 per cent. At first sight this would appear 

improbable, since it would seem that the cylinder must press 

G 



98 Pumping and Water Power 

with such force upon the Valve face, in order to make a water- 
tight joint, that there would be considerable friction. But here 
is evidenced one of the beautiful features of " pressure water.*' 
The surfaces being well fitted, the cylinder should be so 
balanced in its centres as to work quite freely on the Valve 
face, and when in operation it will simply oscillate upon an 
exceedingly thin film of Pressure water instead of rubbing 
metal on metal. 

A splendid example of this use of the Pressure water is 
afforded in the powerful Turbines erected at Niagara Falls. 
These Turbines are placed down shafts 170 feet deep, and the 
Turbine wheels, Shafts, etc., weigh many tons, and revolve at 
a speed of 250 revolutions per minute. No mechanically con- 
structed Footstep or Bottom Bearing could stand the strain, 
but by ingenuity in construction the whole weight is balanced 
by the great pressure of the water column itself. As the 
supply pipe to the Turbine is 7 ft. 6 ins. diameter, the total 
weight of water due to the head amounts to some 60 to 70 
tons, and this is ingeniously utilised to support the weight of 
the Shafting, Turbines, Dynamo, etc., relieving the enormous 
pressure that otherwise would come upon the Footstep. 



CHAPTER XIV 

WELL BORING 

Some countries are so well favoured in the matter of Rivers^ 
Streams, and Lakes, that it is only exceptionally that resort 
has to be made to the Sinking of deep wells, or for Boring 
for water supply. On the other hand, there are many lands 
where Rivers are infrequent and interrupted in flow, and 
surface water scarce. In some such countries (notably in 
the prairie countries of Western America) resort is largely 
had to the sinking of "Bore holes" to obtain water, and, 
little as surface indications frequently appear to justify the 
expectation, the results are, in the majority of cases, 
satisfactory. 

In other countries where Surface water is scarce, and the 
lands are consequently unproductive, yet where indications 
exist of ample water supply below ground, either from ignor- 
ance or want of enterprise, few attempts are made to remedy 
by Boring for water. The cost of putting down "Trial 
Borings " in likely situations is not great, and in very many 
instances these " Trial Borings " may prove to be all that is 
required, since even in a 6-in. Bore hole it is quite possible to 
put a pump which would work satisfactorily at considerable 
depth. If a larger supply is required than such a pump could 
deal with, other borings can be made close by, or the original 
boring enlarged by "Reaming out" to take more powerful 
pumps. 

" Artesian Wells " may be described as Borings from the 
Surface to tap Water lying in an underground basin upon an 
impermeable stratum of soil or rock. If such a Basin can be 

99 G 2 



lOO Pumping and Water Power 

tapped by a Boring at or near to its lowest point, the water 
would rise in the boring to a height approximating its 
natural outlet, which would be the edge or Outcrop of the 
Stratum which retains the water. In many favourable 
situations the water will often flow out at the top of the 
^* Bore hole,*' and sometimes with considerable force. Thus, 
the success of Artesian Well sinking is dependent upon the 
retentive nature of the water-bearing stratum, and upon the 
level of the escaping point of the water in such basin, which 
would be at Springs flowing from the upper edge of the 
stratum. 

The quantity of water such Wells would yield is necessarily 
proportionate to the area of the containing Basin, and to its 
constitution as a retentive medium. 

At best there must be considerable uncertainty as to 
results where " Artesian Vork " is undertaken, so much being 
dependent upon the configuration of the hidden strata. It 
follows that, when such work is in contemplation, it is the 
best policy to make the first borings of small size, as the 
proof being once established that water can be obtained in 
reasonable quantity, more extensive operations can then be 
confidently undertaken. 

As the Boring tools, for anything less than a 6-inch bore, 
are necessarily light in construction, it is best to first bore to 
the depth for which such apparatus is suited, say a 4-in. or 
6-in. diameter Bore hole. If it be found desirable to go 
deeper still, the bore hole may be ** Reamed " out to, say, 
6 ins., 8 ins., 12 ins., or even larger, as requirements may 
suggest. 

Up to quite recent times the ordinary practice has been — 
when searching for an underground water supply — to dig 
Wells of considerable diameter (4, 6, or 8 ft.) and to protect 
the sides by brickwork, etc., carrying on such work until the 
water is met with, or failing that, abandoning what may have 
proved a costly experiment. Such methods may now be 
said to be well nigh obsolete, and, in the light of more 
Scientific knowledge, it is best that it should be so, since it 
can be a matter of little question that wells sunk as above 
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referred to have often proved to be ready disseminating 
mediums for disease. In such Wells any percolations of 
surface Drainage or Sewage may find its way into and con- 
taminate the water supply, although such supply, in itself^ 
may be quite pure. 

In a multitude of cases water can be obtained by the use 
of" Driven Wells " (known also as " Abyssinian Tube Wells "), 
when a supply may be tapped at within " Suction distance '"^ 
(vertically) of the surface of the ground. Such ** Wells " are 
exceedingly simple and far from costly. A wrought-iron 
Tube, of from \\ in. to 3 ins. diameter, has attached to its 
lower end a Solid steel point, above which a number of small 
holes are drilled in the Tube itself to a height of 2 to 3 feet 
from its lower end. This Tube being driven into the ground 
by means of driving Tackle on the surface, to a depth of, say^ 
30 ft., a Pump of ordinary construction is attached to the 
upper end of the Tube, at the Ground level, and (presuming 
that water has been tapped) the Apparatus is ready for use. 
In case a supply has not been reached, the Tube can be 
withdrawn, if desired, and driven in another situation. 

It need hardly be pointed out that such " Driven Tube 
Well " can only be put down in fairly soft ground. 

When water cannot be reached by the above method^ 
resort should then be had to " Bored Tube Wells," otherwise 
** Artesian Wells." Such Wells may be bored to great 
depths, and even when Water-bearing strata are struck, 
which may not be found to yield a sufficiently pure supply, 
this inflow may be shut off by putting down steel Lining 
Tubes, and the boring carried on to greater depths until 
purer water is reached. 

When the supply level has been definitely ascertained, a 
Pump barrel may be sunk in the Tube (or may form even 
a part of the Casing Tube), to within the proper Suction 
distance of the Water-bearing strata, and the water pumped 
to the surface. 

As above stated, it may often occur that when water is 
struck, it may rise in the Tube to the Surface, or within such 
distance thereof that the Pumping apparatus may be arranged 
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-entirely above ground level Should, however, this not be 
the case, the Pump may be sunk within the Bore hole, 
and worked by a rod from the Surface Gear. If one 
Bore hole does not give a sufficient supply, others may 
be sunk near by to increase the yield instead of enlarging 
the first Bore. 

So many varying conditions obtain in connection with 
Well Boring, calling for Special arrangements, that they 
cannot be dealt with in this brief reference. It may, 
however, be stated that, when a Well Boring has been com- 
menced, it should not be readily abandoned, since most 
obstacles met with (such as Impure supply. Air-impregnated 
strata, Insufficient quantity, etc.) may be overcome if 
intelligently treated. 

Although Bore holes are frequently sunk of 4 ins. diameter, 
the saving thereby effected is not so very material, and the 
advantages incident to a larger bore are sacrificed. A 6-in. 
diameter Bore admits of the use of more substantial Tools 
during sinking, and of the insertion of a Pump of more 
useful size and construction. 

Referring to the Tools used for Well Boring, the main 
difference consists in the use of those operated by " Rope 
Tackle " and those worked by Hollow, or Solid, metal rods 
from Boring Tool to surface. The American system most 
in vogue (and certainly the leading method in Weil-Boring 
America) for comparatively shallow bores is that of Rope 
Tackle. A set of Tools is called a "String of Tools," 
including the Bit, or Boring tool, which is a weighty Chisel- 
shaped tool with certain attachments for operating same, and 
connected to a steel wire rope. The length of the " String " 
when put together being from 20 ft. to 60 ft. 

Thus, for boring a 6-in. hole, say, to 500 ft. depth, the 
*' String of Tools " would be about 30 ft. in length, weighing 
some 1200 lbs., and the Overground gear, Rope, etc., about 
3000 lbs. About 5 H.P. would be required to operate the 
Machine, and the cost of Apparatus (exclusive of Engine 
and Boiler, or other motive power) would be about ;£'200. 

The cost of drilling a 6-in. hole (varying, of course, as to 
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locality) in nothing harder than Limestone would be from 
20s. to 25s. per ft., or in hard rock about £2 per ft. Bores 
of 8 ins. diameter would cost about 25 per cent. more. For 
very deep borings heavier and more costly Apparatus would 
be required. 

In the case of Solid boring rods being used, the cost of the 
Rods and Boring tools varies greatly according to the depth 
of the boring to be undertaken. 

Thus a complete set of Tools for a 6-in. Bore to, say, 300 ft., 
with the Sheer- Legs and Gearing for operating the Tools, 
would be about ;^I20. For 8-in. Bore to, say, 500 ft, £\%o 
at Shipping port. This estimate is exclusive of any Motive 
power or of any Casing Tubes. 

The cost of " Driven Tube Wells " with 30 ft. length of 
Tube may be taken approximately as under : — 

I J-in, Tube Well Apparatus, inclusive 
of common Lift Pump . . . ;£^7 o o 

2-in. Tube Well Apparatus, inclusive 
of common Lift Pump . . . £^ 10 o 

3-in. Tube Well Apparatus, inclusive 
of common Lift Pump . . . ;^I5 o o 

• 

The Driving apparatus. Sheer- Legs, etc., are not included in 
above, but would cost from £\2 to £10 the set, according to 
size. It should, however, be pointed out that the Tubes 
may be driven by any " home-made " apparatus, and that a 
set of Driving Tackle need only be ordered in cases in which 
a number of Tubes have to be driven. 

The yield of i J-in. Tube Well with constant supply, and a 
good pump, should be about 

300 gallons per hour for a i J-in. Tube. 
000 ,, ,, ^ 2 „ 

1200 „ „ 3 „ 

It must be understood that the Prices given for cost of 
Apparatus, and Operating same, vary greatly, according to. 
locality, and those named are simply intended as a Guide for 
approximate estimates. 
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Notes respecting Hydraulic Power 

There is little doubt but that ignorance of the capabilities 
of Hydraulic power, combined with the prominence given in 
the present day to newly developed adaptations of such 
powers as Electricity, Compressed Air, etc., have tended in 
a large measure to obscure the view of its possibilities. 
When studying the question of conveyance of power to a 
distance, for instance, an ordinary observer is apt to take 
note of the economical manner in which it can be transmitted, 
whilst losing sight of the fact that, before such agency can 
be brought to bear, it must be developed through the medium 
of some Extraneous power. Thus, in Electrical Machinery 
the production of the energetic current requires the aid of 
steam, Water, or other agency, in the first instance, but had 
this first agent been utilised in a manner consistent with well- 
known mechanical adaptations, its ultimate cost in usefully 
employed energy would in a vast number of cases be far 
more economical than its reproduction through a second 
medium. 

This is no question of theory, since the proof has been so 
amply afforded in the installation of extensive works for the 
distribution of Water Power (leaving other powers out of the 
question) in Europe and in America. 

To those who have made any study of the development 
of the power contained in a Body of water, it cannot but 
appear strange that in countries well watered by Rivers 
and Streams, so little effort is made to turn the latent 
power to good purpose. And even if the power is not 
developed, or not in actual demand, think of the millions 
of acres in "dry" countries which could be Irrigated at 
comparatively little cost, if the Landowners would but study 
their own interests. 

A combination of the Owners of lands, or the foundation 
of a Company in certain districts, with the view of making 
use of their Streams and Rivers for Irrigation and Power 
purposes, would bring an immensely larger percentage of 
lands into profitable use and also yield Power to the pro- 
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I 

prietors at small cost to reduce the uncertainty and in- 
efficiency of raw labour. 

The foregoing Treatise should at least enable anyone 
desirous of making use of an Available Water Supply to 
form a fairly correct estimate as to the most efficient and 
economical method for so doing, or possibly of saving others 
from the expenditure of large sums simply in experiments 
which might lead to disappointment, if not conducted 
intelligently. 
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Multipliers 

Cub. ins. X '0036 = Gals. 

„ ft. x6-24 = „ 
Gals. X -16045 = Cub. ft. 
Cyld. ft. X 4*9 = Gals. 



I in. of Rainfall per acre =22,620 gals. 
I ., j» = loi tons. 

I ,, per sq. mile = 14,500,000 gals. 

I ,, „ =64,630 tons. 
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Snow and Ice 

Snow has about 1 2 times the bulk of water (fresh). 

I Cub. ft. of Snow weighs 6 lbs. 

Water in freezing expands to the extent of 8 per cent. 

I lb. of Ice (at 32°) occupies 30 cub. ins. 

I Cub. ft. of Ice weighs 58 lbs. 



Water Supply 

Quantity usually allowed for — 

Household supply per head daily 

Hospital supply (per head) 

I Sheep requires daily 

I Ox 

1 Cow 

I Horse 

Town supply, including sewer flushing, street 
sprinkling, fire purposes, factory use, etc., 
should not be less per head per day than 
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Useful Rules 

To convert English gallons into American gallons — 

English sals. X I o . . ^ 

— 2 o ss American gallons. 

12 

No. of cyld. ins. in any circle — 

Square the diam. of circle = cyld. ins. 

No. of sq. ins. in any circle — 

•7854 X square of diam. of circle = sq. ins. 

Circumference of any circle = diam. x 3*1416 = circumference. 



To ascertain weight of any column of water — 

Area in sq. ins. x Feet in height x "434 = Weight in lbs. 



Or, 



Area in cyld. ins. x Feet in height x '341 = Weight in lbs. 
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To find the contents of a pipe — 

Square the diam. in ins. x '034 = Gals, in one foot length of pipe. 

To find weight of water in i yard of pipe — 

Square the diam. in ins. = Weight of water in lbs. 

'To find pressure in lbs. per sq. in. in pipes — 

Head of water in feet x -434 = Pressure in lbs. , 

To find the theoretical H.P. of a fall of water — 
No. of cub. ft. of water per sec. x Height of fall in ft. ^ 62*5 __ tt p 
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Table II. — Squares, Cubes, Square and Cube Roots 
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Table IV. — Showing Weight of Water at Different 

Temperatures 



Temp. 
Fahr. 


Wt. Cb. Ft. 
in Lbs. 


Temp. 
Fahr. 


Wt. Cb. Ft. 
in Lbs. 

61-92 


Temp. 
Fahr. 


Wt. Cb. Ft. 
in Lbs. 

60-72 


Temp. 
Fahr. 


Wl Cb. Ft. 
in Lbs. 


40 


62-408 


102 


172 


275 


58*17 


42 


1 
62-406 


112 


61*78 


182 


6o*5 


300 


5742 


52 


62-377 


122 


61-63 


192 


60*28 


350 


55*94 


62 


62*321 


132 


61-47 


202 


6005 


400 


54*34 


72 


62*25 


142 


61-30 


212 


5982 


450 


52-70 


82 


62*15 


152 


6rii 


230 


59-37 


500 


51-01 


92 


6204 


162 


60-92 


250 


58*85 


600 


47-64 



Table V. — Weight and Quantity of Water Contained 

IN One Foot Length of Pipe 



Bore in 
Ins. 


Water in 
Lbs. 


Water in 
Gals. 


1 

Bore in 
Ins. 


Water in 
Lbs. 


Water in 
Gals. 


i 


-02I2 


•0021 


1 

, 3 

1 


3-053 


-3053 


\ 


•0849 


•0084 


1 

4 


5-426 


•5426 


i 


•1900 


•0190 


5 


8*480 


'8480 


I 


•3408 


•0340 


6 


12*21 


1*221 


li 


*53oo 


•0530 


8 


21-71 


2*171 


li 


-7630 


•0763 


9 


27-47 


2-747 


2 


1-356 


•1356 


10 


33*93 


3*393 


2i 

1 


2- 1 20 


•2120 


12 


49-00 


4*900 
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Initial Pressure, 


Average Pressure of Steam in lbs 


. per sq. in. for the whole stroke. 




Portion of stroke at which Steam is cut off. 




lbs. per sq. in. 












1 




• \ 


§ 


\ 


4 


5 


4-8 


4-6 


4*2 


37 


3*0 


1*9 


10 


9-6 


9-2 


8-4 


7*4 


5*9 


^1 


15 


14*5 


13*8 


12-7 


1 1 -2 


8-9 


5-8 


20 


193 


i8'4 


16-9 


14-8 


11-9 


77 


25 


24*1 


22-9 


21*1 


18-6 


149 


9-6 


30 


29-0 


27-5 


25-4 


22*3 


17-9 


II-5 


35 


33-8 


32-1 


296 


260 


20-8 


13*5 


40 


38-6 


367 


33*8 


297 


238 


15*4 


45 


43*4 


41-3 


381 


33*5 


26-8 


173 


50 


48-3 


45*9 


42-3 


37*2 


29-8 


192 


60 


57*9 


551 


50-7 


446 


357 


23-1 


70 


67-6 


64-3 


59-2 


52-1 


417 


26-9 


80 


77*3 


73'5 


67-7 


59*5 


47*7 


30-8 


90 


869 


82-7 


76-1 


669 


53*6 


34*6 


loo- 


966 


919 


84-6 


74-4 


596 


38-5 


no 


1 06 '2 


lori 


931 


81-8 


656 


42-3 


120 


115-9 


110-3 


101-5 


89*3 


71*5 


462 


130 


125-6 


119-4 


IIO'O 


96-7 


77*5 


50*0 


140 


i35'2 


1286 


118-5 


104- 1 


83*4 


53*9 


150 


144-9 


. '37-8 


126-9 


iii'6 


89-4 


577 


160 


1 54*6 


i47'o 


135*4 


1 190 


95*4 


6r6 


180 


173*9 


165-4 


152-3 


133-9 


107-3 


693 


200 


193-2 


183-8 


169-3 


148-8 


119*2 


707 



Table VII. — Volume of Steam at Various Pressures 





Relative 




Relative 


Pressure in 


Volume of 


Pressure in 


Volume of 


lbs. per 


Steam to 


lbs. per 


Steam to 


Sq. In. 


Water in 


Sq. In. 


Water in 




Cub. Ins. 




Cub. Ins. 


24 


676 


65 


335 


26 


646 


70 


328 I 


28 


618 


75 


311 


30 


592 


80 


295 


35 


536 


85 


282 - 


40 


490 


90 


270 


45 


448 


105 


238 


50 


366 


120 


214 


55 


355 


135 


194 


60 


344 


150 


178 



H 



114 



Pumping and Water Power 



Table VIII. — Theoretical Velocity of Water in 

Feet per Second 



Head 
Feet. 





I 
8*025 


2 


3 


4 


1 
5 6 


( 

7 


8 
2279 


9 


o 


• • • 


J 1*35 


13*90 


1605 


17-94 


19*66 


21*23 


24*03 


lO 


25-38 


2662 


2780 


29*34 


30*00 


31-08 


32*10 


33-09 


34-05 


34*90 


20 


35-89 


3677 


37-64 


3848 


39-31 


40*12 


40*92 


41*70 '42*40 


43-21 


30 


43*95 


44*68 


4540 


46*10 


46*79 


47-47 


48*15 


48*81 


49*47 


1 
50*11 


40 


50-75 


51-39 


52*01 


5 2 62 


53-23 


53-83 


54-43 


55*02 


55*60 


56-18 


50 


5674 


57*31 


57*87 58-42 

1 


58-97 


59-51 


60*05 


6o*59 


61*11 61*64 

1 


60 


62*16 


6268 


63*19 


6369 


6420 


64*70 


65-19 


6569 


66*18 1 66*66 


70 


67-14 


67*62 


6809 


68*57 


69-03 


69-50 


6996 


70*42 


7087 


71*33 


80 


71*78(72*23 

1 


72*67 


73*11 


73-55 


74-00 


74-42 


74*85 


75*28 


7571 


90 


76-13 ■76-55 

t 


76*97 


77*39 


77-81 


78*22 


7863 


79*04 


79*44 


79*85 



Head 
Feet. 


100 


200 


300 


400 


500 


600 


700 


800 





8025 


113*49 


139*00 


160*50 


179*44 


196*57 


21232 


226*98 


25 


89*72 


120*37 


144-67 


166*44 


183*88 


200-62 


21608 


230*50 


50 


9829 


126*87 


15013 


170*24 


188-20 


204*60 


219-77 


233*97 


75 


i 
106*16 133*08 


155*40, 174*90 


192-43 


208*50 


233*41 


237-38 
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Table X. — Pressure of Water 

The following table gives the pressure of water in lbs. per 
square inch for every foot in height up to 300 feet : — 



Feet. 
I 


Press. 


Feet. 
43 


Press. 
18*62 


Feet. 
85 


Press. 


Feet. 

127 


Press. 

1 

1 
55*01 ' 


Feet. 
169 


Press. 


Feet. 
211 


Press. 


043 


3682 


73*20 


91*39 


2 


0-86 


44 


19*05 


86 


3725 


128 


55*44 


170 


7364 


212 


91*83 


3 


I '30 


45 


19*49 


87 


37*68 


129 


55*88 


171 


7407 


213 


92*26 


4 


173 


46 


19*92 


88 


38-12 


130 


56-31 ; 


172 


74*50 


214 


92*69 


5 


216 


47 


20*35 1 


89 


38-55 


131 


5674 ' 


173 


74*94 


215 


93*13 


6 


2-59 


48 


20-79 


90 


39*98 


132 


57*18 


174 


75*37 


216 


93*56 


7 


3*03 


49 


21-22 


91 


39*42 


I 133 


57-61 1 


175 


75*80 


217 


93-99 


8 


3-46 


50 


21-65 


92 


39*85 


' 134 


58-04 : 


176 


7623 


218 


94*43 


9 


3-89 


1 51 


22-09 


93 


4028 


135 


58-48 


177 


7667 


219 


94*86 


10 


433 


52 


22-52 


94 


40-72 


i 136 


5891 


178 


77-10 


220 


95'3o 


II 


476 


53 


2295 


95 


41-15 


: 137 


59*34 


179 


77*53 


221 


95*73 


12 


5 '20 


54 


2339 1 


96 


41-58 


, 138 


5977 


180 


77*97 


222 


96*16 


13 


5*63 


: 55 


23-82 


97 


4201 


; 139 


60*21 


181 


78-40 


223 


9660 


14 


6-o6 


56 


24-26 


98 


42-45 


1 140 


60*64 


182 


78-84 


224 


97*03 


15 


6-49 


57 


24-69 


99 


42-88 


141 


61*07 


183 


79*27 


225 


9746 


16 


6*93 


58 


25-12 


100 


43*31 


142 


61*51 


184 


79*70 


226 


9790 


17 


7-36 


59 


2555 


lOI 


4375 


143 


61-94 


185 


80-14 


227 


98*33 f 


18 


779 


60 


2599 


102 


4418 


144 


62*37 


186 


8057 


228 


98*76 


19 


8-22 


61 


26-42 


103 


4461 


145 


62*81 


187 


8100 


229 


99-20 


20 


8-66 


62 


2685 


104 


4505 


146 


63*24 


188 


81-43 


230 


99*63 


21 


9-09 


63 


27-29 


105 


45-48 


147 


63*67 


189 


8187 


231 


10006 


22 


9*53 


64 


27-72 


106 


45*91 


148 


64*10 


1 190 


8230 


232 


ioo*49 


23 


996 


65 


28-15 


107 


46-34 


149 


6454 


191 


82-73 


233 


100*93 


24 


10-39 


66 


28-58 


108 


46*78 


! 150 


64-97 


' 192 


8317 


234 


101*36 


25 


1082 


67 ■ 29-02 


109 


47*21 


151 


65*49 


1 193 


83-60 


235 


101*79 


26 


11*26 


68 129*45 


no 


47*64 


152 


65-84 


194 


84-03 


236 


102*23 


27 


11*69 


69 29*88 


III 


48-08 


153 


6627 


195 


84*47 ; 


237 


102 66 


28 


I2'I2 


70 3032 


IJ2 


48-51 


154 


66*70 


196 


8490 


238 


103-09 


29 


12*55 


71 13075 


113 


48-94 


155 67*14 


, 197 


85*33; 


239 


103*53 


30 


12*99 


72 31*18 


114 


4938 


15616757 


. 198 


85-76! 


240 


103*96 


31 


13*42 


73 31*62 


115 


49*81 


157 1 68*00 


199 


8620 1 


241 


104*39 


32 


13-86 


74 3205 


116 


50*24 


158; 68-43 


200 


8663 


242 


10483 


33 


14*29 


75 


32-48 


117 


50-68 


159 


6887 


201 


87*07 


243 


105*26 


34 


14*72 


76 


3292 


118 


5111 


160 


6931 


202 


8750 


244 


105*69 


35 


15*16 


77 


33*35 


119 


51*54 


161 69-74 


203 


87*93 


245 


106*13 


36 


15*59 


78 


3378 


120 


51-98 


162 


70*17 


204 


88-36 


246 


10656 


37 


16*02 


79 


34*2 1 


121 


5241 


163 


70*61 


205 


8880 


247 


1 06 '99 


38 


16*45 


80 


34*65 


122 


52-84 


164 


71-04 


1 206 


8923 


248 


107-43 


39 


16-89 


81 ;35*o8 


123 


53*28 


165 


71*47. 


1 207 


8966 


249 


107*86 


40 


17-32 


82,3552 


124 


5371 


166 


71-91 


208 


90-10 


250 


108*29 


41 


1775 


83135*95 


125 


54-15 


167 


72*34 


209 


90-53 


260 


112*79 


42 


18*19 


84 ' 36-39 


126 


54*58 


168 1 7277 

1 


1 210 


9096 


300 


134*49 



From this table steam and other pressure gauges can be tested by erect- 
ing a small pipe against any available building or ship's mast, and filling 
it with water, the gauge being coupled on to the bottom end. 



INDEX 



Abyssinian tube wells, loi. 
Accumulator, 59. 
Air vessels, 25. 

proportions of, 26. 

Animal power, 40. 
Area of suction pipe, 30. 
Areas of circles, 109. 
Artesian wells, 99. 
Atmospheric pressure, 9. 
Axial flow turbines, 87. 



Barrel pumps, 22. 

Breast wheels, efficiency, 77. 

velocity, 82. 

Boiler power for steam pumps, 49. 
Bucket and plunger pump, 22. 



Centrifugal pumps, 52. 

duty, 55. 

Cost of driven tube wells, 103. 

— Pelton wheels, 93. 

— well boring, 102. 



Delivery pipe, 31, 32. 

— size of, 33. 

Differential accumulator, 59. 
Direct-acting steam pumps, 42. 
Discharge of streams, measuring, 71, 
Double-acting hand pump, 22. 
Downward flow turbines, 87. 

proportions, 115. 

Driven tube wells, 10 1. 

cost of, 103. 

Duplex steam pumps, 43. 

duty, 48. 

Duty of centrifugal pumps, 55 

— duplex steam pumps, 48. 

— hydraulic rams, 68. 
-- steam pumps, 46. 



Effective H. P. of waterwheels, 8 1 . 

— head, 20. 

Efiiciency of hydraulic rams, 68. 

— overshot wheels, 77. 

— Poncelet wheels, 77. 
-—, undershot wheels, 77. 
Entry head, 16. 



Floating mill wheel, 77. 
Flowing water, measuring, 70. 
Foot- valve, 11, 25. 
Formula — 

Friction head, 18. 

Frictional resistance, 34. 

Hydraulic machinery, 63. 

— rams, 68. 

Power of streams, 90. 

Pressure of water at various depths, 

36. 

— upon pump piston, 45. 
Proportions of air vessel, 26. 
Quantity delivered by pump, 39. 
Sizes and proportions of steam pumps, 

45-47- 
Theoretical discharge of pipe, 17. 

Velocity of flowing bodies, 17. 

— of water, 70. 

Weight of cast-iron flange pipe, 36. 

— water in pipes, 35. 

Work done in raising water, 39. 
Friction head, 16, 31. 

— of machinery, allowance for, 37. 

— of water, 33. 



Hand barrel pumps, 22. 
— lift and force pump, 24, 
Head of water, 21. 
High breast wheels, 79. 

effective H.P., 81, 

Hoists, 61. 

Horse, power of, 40. 

Hot liquids, pumping, 12 
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Hydraulic grade, i8. 

— power, 56. 

— pressure engines, 96. 

— rams, 65. 

data for ordering, 69. 

— • — duty, 68. 

efficiency, 68. 

storage tank for, 69. 



I mpulse turbines, 87. 
Indicated horse-power, 50. 
Inertia of water, 21. 
Intermittent supplies, storing, 69. 
Inward flow turbines, 87. 



Jarring, obviating, 27. 



Lever powers, 83. 

Lift and force pump, 22, 24. 

Lifts, 61. 

Location of pumps, 29. 

Low breast wheels, 78. 

effective power, 81. 



Man -power, 40. 

Measuring water in streams, 70. 



Nominal horse-power, 50. 



Oscillating engines, 97. 
Outward flow turbines, 87. 
Overshot wheels, 79. 

effective H.P., 81. 

efficiency, 77. 

velocity, 82. 

Ox-power, 40. 



Pelton wheels, 92. 

cost of, 93. 

data for ordering, 94. 

Pipes, best material for, 32. 

— incrustation, 34. 

— size of, 34. 

Piston and plunger pump, 22. 
Poncelet wheel, 80. 

efficiency of, 77. 

Power of stream, 90. 
Pressure turbines, 87. 
Pulleys, proportioning, 82. 
Pumping data, 28. 

— power, calculating, 49. 



Pumps, centrifugal, 52. 

— hand, 22. 

— location of, 29. 

— steam, 42. 



Radial flow turbines, 87. 
Rotary gear for man-power, 38. 
— engines, 96. 
slip of, 97. 



Saltwater, pumping, 11. 
Scanty supplies, storing, 69. 
Single-acting hand pump, 22. 
Size of pipes, 34. 
Slip, allowance for, 40, 97. 

— in rotary engines, 97. 
Snifting valve, use of, 28. 
Speed of Pelton wheels, 92. 
Steam pumps — 

Boiler power, 49. 

Calculations, 46. 

Compounding, 43. 

Direct-acting, 42. 

Duplex, 43. 

Duty, 46. 

Proportioning, 44. 

Selecting, 45. 

Speed, 44. 
Storage tank for hydraulic rams, 69. 
Stream, measuring discharge of, 71. 

— power of, 90. 
Suction pipe, 32. 
area, 30. 

importance of short, 30. 

inclination, 31. 

proper lengths of, 9, 10. 

— vessels, 27, 31. 
Syphon, principle of, 13. 
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Velocity of breast and overshot 
wheels, 82. 
' — falling bodies, 74. 

Volume of steam at different pressures, 

113. 
Water required for turbines per H.P., 

Weight of water at different tempera- 
tures, no. 

in one foot of pipe, 112. 

Tangent wheels, 89. 
Telescopic rams, 62. 
Trial borings, 99. 
Tube wells, yield of, 103. 
Turbines, 85 — 

Data when ordering, 90. 

Proportions of, 115. 

Revolutions per minute, 89. 

Varieties of, 87. 
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Water required per H. P. , 89. 



Undershot wheels, 78. 
effective H.P., 81. 



Undershot wheels, efficiency, 77. 
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Vacuum vessels, 27. 
Velocity head, 16. 
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Water pressure engines, 97. 

— supply, 107. 
Waterwheels, 74. 

— effective H.P., 81. 

— efficiency, 77. 

— proportioning buckets, 81. 
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— velocity of, 82. 
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crown 8vo. (1900) ... ... ... ... ... 5 o 

The Backbone of Perspective. By T. M. Taylor. 

40 illus. 56 pp. i8mo cloth. (New York, 1911) net 4 6 
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Vol. II. Distributing Sjrstems and 

Lamps. Second edition, 391 illus. 
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8vo. (New York, 1908) net 6 6 

Grouping of Electric Cells. By W. F. Dunton. 
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No. II.) (New York, 1909) net 1 6 

Wireless Telephone Construction. By N. Harri- 
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Electricity Simplified. By T. O. Sloane. Tenth 
edition, 29 illus. 158 pp. crown 8vo. {New York, 
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GoLDiNGHAM. 107 iUus. 195 pp. Svo, cloth. {New 

Yorky 1907) . ... ... ... ... ... net 6 6 

Practical Hand-Book on the Care and Manage- 
ment of Gas Engines. By G. Lieckfeld. 
Third edition, square i6mo. (New York, 1896) ... 3 6 

Elements of Gas Engine Design. By S. A. Moss. 

197 pp. iSmo, boards. (New York, 1907),,, net 2 o 

Gas and Petroleum Engines. A Manual for Stu- 
dents and Engineers. By Prof. W. Robinson. 
(FiNSBURY Technical Manual.) Third editioft in 
preparatuyn 

GAS LIGHTING. 

Gas Analyst's Manual (incorporating Hartley's 
** Gas Analyst's Manual " and " Gas Measure*- 
ment "). By J. Abady. 102 illustrations, 576 
pp. demy'Svo. (1902) ... ... ... net 18 o 

Gas Works : their Arrangement, Construction, Plant 
and Machinery. By F. Colyer. 31 folding 
plates, 134 pp. Svo. (1884) ••• ••• w^^ 8 6 

Transactions of the Institution of Gas En- 

?ineers. Edited by Walter T. Dviiiiy Secretary. 
ublished annually. Svo ... ... ... n^f 10 6 

Lighting by Acetylene. By F. Dye. 75 illus. 

200 pp. crown Svo. (1902) ... ... net 6 o 



22 S. ft F. N. 8P0N, LmiraD. 

A Comparison of the English and French 
Metnods of Ascertaining the Illuminating 
Power of Coal Gas. By A. J. Van Eijnd- 

HOVEN. Illustrated, crown 8vo. (l897) ... ... 4 o 

Gas Lighting aiid Gas Fitting. By W. P. Gerhard. 
Second edition, 190 pp. i8mo, boards. (New York, 
lo94-) ••• ••• ••• ••• ••• ••• ^^ 2 o 

A Treatise on the Comparative Commercial 
Values of Gas Coals and Cannels. By D. A. 

Graham. 3 plates, 100 pp. 8vo. {1882) ... 46 

The Gas Engineer's Laboratory Handbook. By 

J. Hornby. Third edition, revised, 70 illus. 330 

pp. crown Svo. (1911) mt 60 

Text Book of Gas Manufacture for Students. 

By J. Hornby. Sixth edition, 140 illus. 423 pp. 

Svo. (1911) ... ... ... net 76 

HISTORICAL .AND BIOGRAPHICAL. 

Extracts from the Private Letters of the late 
Sir William Fother^U Cooke, 1836-9, relating 
to the Invention and l5evelopment of the Electric 
Telegraph ; also a Memoir by Latimer Clark. 
EditedbyF. H.Webb. Sec. InstE.E. Svo. (1895) 3 o 

A Chronology of Inland Navigation in Great 

Britain. By H. R. De Salis. Crown Svo. (1897). 4 6 

A History of Electric Telegraphy to the year 

1S37. By J. J. Fahie. 35 illus. 542 pp. crown Svo. 

f ^ 00 v I ... ... ... ... ..• ••• ••• ^ O 

History and Development of Steam Locomotion 
on Common Roads. By W. Fletcher. 109 
illus. 28S pp. Svo ... ... ... ... ... 5 o 

Life as an Engineer: its Lights, Shades, and 
Prospects. By J. W. C. Haldane. 23 plates, 
33S pp. crown Svo. (1906) ... ... ... net 5 o 

Philipp Reis, Inventor of the Telephone: a Bio- 
graphical Sketch. By Prof. S. P. Thompson. 
Svo, cloth. (188S) 76 

The Development of the Mercurial Air Pump. 

By Prof. S. P. Thompson. Illustrated, royal Svo, 

sewed. (1888) ... ... ... ... ... i 6 
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HOROLOGY. 

Watch and Clock Maker's Handbook, Dic- 
tionary and Guide. By F. J. Britten. Tenth 
edition, 450 illus. 492 pp. crown 8vo. {1902) net 

The Springing and Adjusting of Watches. By 

F. J. Britten. 75 illus. 152 pp. crown 8vo. 

yJLOvOf ... ... ... ••• ••• ••• fl6% 

Prize Essay on the Balance Spring and its Iso- 
chronal Adjustments. By M. Immisch. 7 illus. 
50 pp. crown 8vo. {1872) 



HYDRAULICS AND HYDRAULIC 

MACHINERY. 

{See also Irrigation and Water Supply.) 

The Suction Caused by Ships explained in popular 
language. By E. S. Bellasis. 2 plates, 26 pp. 
Svo, sewed. (1912) net 10 

Hydraulics with Working Tables. By E. S. 

Bellasis. Second edition, 160 illus. xii. -H 311 pp. 

Svo. {1911) ... ... ... ... ... net 12 o 

Punips: Historically, Theoretically and Practically 
Considered. By P. R. BjOrling. Second edition, 
156 illus. 234 pp. crown Svo. {1896) ... ... 76 

Pump Details. By P. R. BjOrling. 27S illus. 

211 pp. crown Svo. {1892) ... 7 6 

Pumps and Pump Motors : A Manual for the use 
of Hydraulic Engineers. By P. R. Bjorling. 
Two vols. 261 plates, 369 pp. royal 4to. {1896) 

net I 10 o 

Practical Handbook on Pump Construction. 

By P. R. BjOrling. Second edition, 9 plates, 

90 pp. crown Svo. {1904) ... ... ... ... 5 o 

Water or Hydraulic Motors. By P. R. BjOrling. 

206 illus. 2S7 pp. crown Svo. (1903) ... ... 90 
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Hydraulic Machinery, with an Introduction to 
Hydraulics. By R. G. Blaine. Second edition 
with 307 illus. 468 pp. 8vo. (Finsbury Technical 
Manual). (1905) net 14 o 

Practical Hydraulics. By T. Box. Fifteenth 

edition, 8 plates, 88 pp. crown 8vo. (1909) net 5 o 

The Design of Channels for Irrigation or 
Drainage. By R. B. Buckley. 56 pp. crown 8vo. 
(1911) ... ... ... ... ... ... net 2 o 

Hydraulic, Steam, and Hand Power Lifting and 
Pressing Machinery. By F. Colyer. Second 
edition, 88 plates, 211 pp. imperial 8vo. (1892) net 10 6 

Pumps and Pumping Machinery. By F. Colyer. 

Vol. I. Second edition, 53 plates, 212 pp. 8vo 

(1892) ... ... ... ... net 10 6 

Vol. II. Second edition, 48 plates, 169 pp. 8vo. 

(1900) ... ... ... ... net 10 6 

Construction of Horizontal and Vertical Water- 
wheels. By W. CuLLEN. Second edition, small 
4to. (1871) ... ... ... ... ... ... ^ o 

A. B. C. of Hydrodynamics. By Lt.-Col. R. de 
ViLLAMiL, R.E. (retd.). 48 illus. xi + 135 pp. 
demy 8vo. (1912) ... ... ... ... net 6 o 

Donaldson's Poncelet Turbine and Water Pres- 
sure Engine and Pump. By W. Donaldson. 
4to. (1883) ... ... ... ... ... ... ^ o 

Principles of Construction and Efficiency of 
Waterwheels. By W. Donaldson. 13 illus. 
94 pp. 8vo. (1876) 5 o 

Practical Hydrostatics and Hydrostatic Formulae. 

By E. S. Gould. 27 illus. 114 pp. i8mo, boards. 

(New York, 1903) net 2 o 

Hydraulic and other Tables for purposes of 

Sewerage and Water Supply. By T. Hennell. 

Third edition, 70 pp. crown 8vo. (1908) net 4 6 

Tables for Calculating the Discharge of Water 

in Pipes for Water and Power Supplies. In- 
dexed at side for ready reference. By A. E. Silk. 
63 pp. crown 8vo. (1899) 5 o 

Simple Hydraulic Formulae. By T. W. Stone. 

9 plates, 98 pp. crown 8vo. (1881) 40 
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INDUSTRIAL CHEMISTRY AMD 
MANUFACTURES. 

Perfumes and their Preparation. By G. W. 

AsKiNSON. Translated from the Third German 
Edition by I. Fuest. Third edition, 32 illus. 
312 pp. 8 vo. (New York, 1907) mt 12 6 

Brewing Calculations, Gauging and Tabulation. 
By C. H. Bater. 340 pp. 64mo, roan, gilt edges. 
{1897 ) ... ... ... ... ... ... net i 6 

A Pocket Book for Chemists, Chemical Manu- 
facturers, Metallurgists, Dyers, Distillers, etc. 
By T. Bayley. Seventh edition, 550 pp. royal 
32mo, roan, gilt edges. {1905) ... ... net 50 

Practical Receipts for the Manufacturer, the 
Mechanic, and for Home use. By Dr. H. R. 
Berkeley and W. M. Walker. 250 pp. demy 
8vo. {1902) net 7 6 

A Treatise on the Manufacture of Soap and 

Candles, Lubricants and Glycerine. By W. L. 
Carpenter and H. Leask. Second edition, 
104 illus. 456 pp. crown 8vo. (1895) ... ... 12 6 

A Text Book of Paper Making. By C. F. Cross 
' and E. J. Bevan. Third edition, 97 illus. 411 pp. 

crown 8vo. (1907) ... ... ... ... net 12 6 

C.B.S. Standard Units and Standard Paper 
Tests. By C. F. Cross, E. J. Bevan, C. Beadle 
and R. W. Sindall. 25 pp. crown 4to. (1903) 

net 26 

P^yrometry. By C. R. Darling. 60 illus. 200 pp. 

crown 8vo. (1911) ... ... ... ... net 50 

Soda Fountain Requisites. A Practical Receipt 

Book for Druggists, Chemists, etc. By G. H. 
Dubelle. Third edition, 157 pp. crown 8vo. 
(New Yorky 1905) ... ... ... ... net 46 

Spices and How to Know Them. By W. M. 

GiBBs. With 47 plates, including 14 in colours, 

176 pp. 8vo. (New Yorky 1909) ... ... net 15 o 
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The Chemistry of Fire and Fire Prevention. By 
H. and H. Ingle. 45 illus. 290 pp. crown 8vo. 

y-Lvi/l/ 1 ••• •.• ••• ... ••• «•• ■•* 90 

Ice-Making Machines. By M. Ledoux and others. 

Sixth edition. 190 pp. i8mo, boards. (New 

York, 1906) ... ... ... ... ... net 20 

Brewing with Raw Grain. By T. W. Lovibond. 

75 PP- crown 8vo. (1883) ... ... 5 o 

The Chemistry, Properties, and Tests of 
Precious Stones. By J. Mastin. 114 pp. 

fcap. i6mo, limp leather, gilt top. (1911) net ^ ^ 

Sugar, a Handbook for Planters and Refiners. 

By the late J. A. R. Newlands and B. E. R. 
Newlands. 236 illus. 876 pp. demy 8vo. (London, 

laUyj ... ... ... ••• ... ... net 1^0 

Principles of Leather Manufacture. By Prof. 
H. R. Procter, ioi illus. 520 pp. medium 8vo. 
(1908) ... ... ... ... ... ... net 18 o 

Leather Industries Laboratory Handbook of 

Analytical and Experimental methods. By H. R. 
Procter. Second edition, 4 plates, 46 illus. 
450 pp. demy 8vo. (1908) ... ... ... net 18 o 

Theoretical and Practical Ammonia Refrigera- 
tion. By I. I. Redwood. Sixth thousand, 
15 illus. 146 pp. square i6mo. [New York, 1909) net 46 

Breweries and Malting^. By G. Scammell and 

F. CoLYER. Second edition, 20 plates, 178 pp. 

8vo. (1880) ... ... ... net 60 

Factory Glazes for Ceramic Engineers. By 

H. Rum-Bellow. Folio. Series A, Leadless 
Sanitary Glazes. (1908) ... ... ... «^^ 2 2 o 

Text Book of Physical Chemistry. By C. L. 

Speyers. 224 pp. demy 8vo. (New York, 1898) 9 o 

Spons' Encyclopaedia of the Industrial Arts, 

Manufactures and Commercial Products. 
1500 illus. 2100 pp. super- royal 8vo. (1882) 

In 2 Vols, cloth ... «^/ 2 2 o 

Pigments, Paints and Painting. By G. Terry. 

49 illus. 392 pp. crown 8vo. (1893) 76 
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The Absorption Refrigerating Machine. By 

G. T. VooRHEES. 42 illus. 144 pp. narrow crown 

8vo. (New York, 1911) net 8 6 

Tables for the Quantitative Estimation of the 

Sugars. By E. Wein and W. Frew. Crown 8vo. 

KJ-Of7\J J ••• .•* .»« ... ••• ••• ••• yJ \J 

The Puering, Bating and Drenching of Skins. 

By J. T. Wood. {In the Press) 

Workshop Receipts. For the use of Manu- 
facturers, Mechanics and Scientific Amateurs. 
New and thoroughly Revised Edition, crown 

8vo. (1909) each net 3 o 

Vol. I. Acetylene Lighting to Drying. 

223 illus. 532 pp. 
VoL II. Dyeing to Japanning. 259 illus. 

540 pp. 
Vol. III. Jointing Pipes to Pumps. 256 

illus. 528 pp. 

Vol. IV. Rainwater Separators to Wire 

Rope, Splicing. 321 illus. 

540 pp. 

Practical Handbook on the Distillation of Alco- 
hol from Farm Products. By F. B. Wright. 
Second edition, 60 illus. 271 pp. crown 8vo. {New 
York, 1907) net 4 6 

The Manufacture of Chocolate and other Cacao 
Preparations. By P. Zipperer. Second edition, 
87 illus. 280 pp. royal 8vo. {1902) ... net 16 o 

INTEREST TABLES. 

The Wide Range Dividend and Interest Cal- 
culator, showing at a glance the Percentage on 
any sum from One Pound to Ten Thousand 
Pounds, at any Interest, from i % to 12^%, pro- 
ceeding by J %. By A. Stevens. 100 pp. super 
royal 8vo, quarter-bound. {1911) ... net 12 6 

The Wide Range Income Tax Calculator, 

showing at a glance the Tax on any sum from 
One Shilling to Thousand Pounds, at the Rate 
of 9^., i/- and 1/2 in the Pound. By A. 
Stevens. On folding card, imperial 8vo net 10 



28 B. ft F. N. SPON. LmmD. 



IRRIGATION. 

Punjab Rivers and Works. By E. S. Bellasis. 

47 illus. 65 pp. folio, cloth. {1911) ... net 80 

Irrigation Pocket Book. By R. B. Buckley. 
419 pp. crown 8vo, leather cloth with rounded 
corners. {1911) net 12 6 

The Design of Channels for Irrigation and 
Drainage. By R. B. Buckley. 22 diagrams, 
56 pp. crown Svo. {1911) ... ... ... net 20 

The Irrigation Works of India. By R. B. 

Buckley. Second edition, with coloured maps 

and plans. 336 pp. 4to, cloth. {1905) ... «^^ 2 2 o 

Irrigated India. By Hon. Alfred Deakin. With 

Map, 322 pp. Svo. {189S) 8 6 

Indian Storage Reservoirs, with Earthen Dams. 

By W. L. Strange. 14 plates and 53 illus. 379 

pp. demy Svo. (1904) ... net 1 1 o 

Irrigation Farming. By L. M. Wilcox. Revised 
edition, 113 illus. 494 pp. crown Svo. {New 
York) ... ... * ... ... ... ... net 8 6 

Egyptian Irrigation. By Sir W. Willcocks. 
Third edition in preparation, 

A few copies of the First Edition (1889) are still to 
he had. Price 155. net. 

The Nile Reservoir Dam at Assuan, and After. 

By Sir W. Willcocks. Second edition, 13 plates, 
super-royal Svo. (1903) \ net 6 o 

The Assu^n Reservoir and Lake Moeris. By 

Sir W. Willcocks. With text ' in English, 
French and Arabic. 5 plates, 116 pp. super- 
royal Svo. (1904) net 5 o 

The Nile in 1904. By Sir W. Willcocks. 

30 plates, 200 pp. super- royal Svo. (1904) ^^t 9 o 
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LOGARITHM TABLES. 

Aldum's Pocket Folding Mathematical Tables. 

Four-figure logarithms, and Anti-logarithms, 
Natural Sines, Tangents, Cotangents, Cosines, 
Chords and Radians for all angles from i to go 
degrees. And Decimaliser Table for Weights 
and Money. On folding card. Net 4/^. 20 copies, 
net 6s. 

Tables of Seven-figure Logarithms of the Natural 

Numbers from i to 108,000. By C. Babbage. 
Stereotype edition, 8vo ... ... ... ... 76 

Four-Place Tables of Logarithms and Trigono- 
metric Functions. By E. V. Huntington. 
Ninth thousand, 34 pp. square Svo, limp buckram, 
with cut lateral index. (New York, 1911,) net 3 o 

Short Logarithmic and other Tables. By W. C. 

Unwin. Fourth edition, small 4to ... ... 3 o 

Logarithmic Land Measurement. By J. Wallace. 

32 pp. royal Svo. (1910) ... ... ... net 5 o 

A. B. C. Five-figure Logarithms with Tables, 

for Chemists. By C. J. Woodward. Crown 

Svo ... ... ... ... ... ... net 26 

A. B.C. Five-figure Logarithms for general use, 
with lateral index for ready reference. By C. J. 
Woodward. Second edition, with cut lateral 
Index, 116 pp. 1 2mo, limp leather ... net 30 

MARINE ENGINEERING 
AND NAYAL ARCHITECTURE. 

Marine Propellers. By S. W. Barnaby. Fifth 

edition, 5 plates, 56 illus. 1S5 pp. demy Svo. 

(1908) ... ... ... ... ... ... net 10 6 

Marine Engineer's Record Book: Engines. 

By B. C. Bartley. Svo, roan ... ... net 50 

The Suction Caused by Ships and the Olympic- 
Hawke Collision. By E. S. Bellasis. i chart 
and 5 illus. in text, 26 pp. Svo, sewed. (1912) net 1 o 



80 B. ft F. N. BPON, Limitbd. 

Yachting Hints, Tables and Memoranda. By A. C. 
Franklin. Waistcoat pocket size, 103 pp. 64010, 
roan, gilt edges ... ... ... ... net i o 

Steamship Coefficients, Speeds and Powers. 

By C. F. A. Fyfe. 31 plates, 280 pp. fcap. 8vo, 

leather. (1907) ^ net 10 6 

Steamships and Their Machinery, from first to 

last. By J. W. C. Haldane. 120 illiis. 532 pp. 

8vo. (189S) ... ... ... ... ... ... 15 a 

Tables for Constructing Ships' Lines. By 

A. Hogg. Third edition, 3 plates, 20 pp. 8vo, 

sewed (1911) ... ... ... ... ft^t 30 

Submarine Boats. By G. W. Hovgaard. 2 plates, 

98 pp. crown 8vo. (1887) ... ... ... ... 50 

Tabulated Weights of Angle, Tee, Bulb, Round, 
Square, and Flat Iron and Steel for the use of 
Naval Architects, Ship-builders, etc. By C. H. 

Jordan. Sixth edition, 640 pp. royal 32mo, 
'rench morocco, gilt edges. (1909) ... net 7 ^ 

Particulars of Dry Docks, Wet Docks, Wharves, 
etc. on the River Thames. Compiled by C. H. 
Jordan. Second edition, 7 coloured charts, 103 
pp. oblong 8vo. (1904) ... net 2 6 

Marine Transport of Petroleum. By H. Little. 

66 illus. 263 pp. crown 8vo. (1890) ... ... 10 6 

Questions and Answers for Marine Engineers, 

with a Practical Treatise on Breakdowns at Sea. 
By T. Lucas. 12 folding plates, 515 pp. gilt 
edges, crown 8vo. (New York, 1902) ... net 80 

Reed's Examination Papers for Extra First 
Class Engineers. Fourth edition, 14 plates and 
188 illus. 550 pp. 8vo. (1902) ... ... net 18 o 

Reed's Engineers' Handbook to the Board of 
Trade Examinations for certificates of Com- 
petency as First and Second Class Engineers. 
Nineteenth edition, 37 plates, 358 illus. 696 pp. 
ovo ... ... ... ... ••• ... net x/L o 

Reed's Marine Boilers. Second edition, crown 8vo 

net 4 6> 

Reed's Useful Hints to Sea-jg:oing Engineers. 

Fourth edition, 8 plates, 50 illus. 312 pp. crown 

8vo. (1903) ... ... ... ... ... net 3 6 
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MATERIALS, 

Practical Treatise on the Strength of Materials. 

By T. Box. Fourth edition, 27 plates, 536 pp. 

8vo. (1902) net 12 6 

Treatise on the Origin, Progress, Prevention 
and Cure of Dry Rot in Timber. By T. A. 

Britton. 10 plates, 519 pp. crown 8vo. (1875) 7 6 

Stone : how to get it and how to use it. By Major- 
Gen. C. E. LuARD, R.E. 8vo, sewed. (1890) ... 2 o 

Solid Bitumens. By S. F. Peckham. 23 illus. 

324 pp. Svo. (New York, 1909) net i 1 o 

Lubricants, Oils and Greases. By I. I. Redwood. 

3 plates, Syo:^(1898) net 6 6 

Practical Treatise on Mineral Oils and their 

By-Products. By I. I. Redwood. 67 illus. 336 pp. 

demy Svo. (1897) 15 o 

Silico-Calcareous Sandstones, or Building Stones 

from Quartz, Sand and Lime. By E. Stoffler. 

5 plates, Svo, sewed. (1901) ... ... net 40 

Proceedings of the Fifth Congress, Inter- 
natio]\al Association for Testing Materials. 

English edition. 189 illus. 549 pp. demy Svo. 

^,1910). 

Paper ... ... ... ... ... net 15 o 

Cloth ... ... ... ... ... net iS o 



MATHEMATICS. 

Imaginary Quantities. By M. Argand. Trans- 
lated by Prof. Hardy. iSmo, boards. (New York) 

net 20 

Text Book of Practical Solid Geometry. By 

E. H. DE V. Atkinson. Revised by Major B. R. 
Ward, R.E. Second edition, 17 plates, Svo. 

\ A. v\J.L. I... ... .*• *•• ••* ••• ••• 7 O 
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Quick and Easy Methods of Calculating, and 

the Theory and Use of the Slide Rule. By 
R. G. Blaine. Third edition, 6 illus. 152 pp. 
i6mo, leather cloth. (1907) ... ... ... 26 

Symbolic Algebra, or the Algebra of Algebraic 
Numbers. By W. Cain. i8mo, boards. {New 

1 OTnj ••• ••• ..- ••• ••• ... HCt 2 O 

Nautical Astronomy. By J. H. Colvin. 127 pp. 

crown, 8vo. (1901) ... ... ... net 26 

Chemical Problems. By J. C. Foye. Fourth edition, 

141 pp. 1 8mo, boards. (New York^ 1898).,. net 20 

Primer of the Calculus. By E. S. Gould. Second 
edition, 24 illus. 122 pp. iSmo, boards. (New 
York, 1899) ... ... ... ... ... net 2 o 

Elementary Treatise on the Calculus for Engineer- 

ing Students. By J. Graham. Third edition, 
276 pp. crown Svo. (Finsbury Technical 

Manual.) (1905) 7 6 

Manual of the Slide Rule. By F. A. Halsey. 

Second edition, 31 illus. 84 pp. i8mo, boards. 

(Ntw York, 1901) net 20 

Reform in Chemical and Physical Calculations. 

By C. J. T. Hanssen. 4to. (1897) ... net 6 6 

Algebra Self-Taught. By P. Higgs. Third edition, 

104 pp.crown 8vo. (1903) ... ... ... .*.. 26 

A Text-book on Graphic Statics. By C. W. 

Malcolm. 155 illus. 316 pp. Svo. (New York, 

1909) net 12 6 

Galvanic Circuit investigated Mathematically. 

By G. S. Ohm. Translated by William Francis. 

269 pp. i8mo, boards. (New York, 1891) ... net 20 

Elementary Practical Mathematics. By M. T. 

Ormsby. Second edition, revised. 410 pp. medium 

8vo. (1911) net 50 

Elements of Graphic Statics. By K. Von Ott. 
Translated by G. S. Clarke. 93 illus. 128 pp. 
crown 8vo. (1901) ... ... ... 50 

Figure of the Earth. By F. C. Roberts. i8mo, 

boards. (New York) ... ... ... ... net 20 
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Arithmetic of Electricity. By T. O'C. Sloane. 

Thirteenth edition, crown 8vo. {New Yorky 

lyuif •.. ... ... ... ,,, ,,. net 4 ^ 

Graphic Method for Solving certain Questions 
in Arithmetic or Algebra. By G. L. Vose. 
Second edition with 28 illus. 62 pp. iSmo, boards. 
{New York, 1902) net 2 o 

Problems in Electricity. A Graduated Collection 
comprising all branches of Electrical Science. 
By R. Weber. Translated from the French by 
E. A. O'Keefe. 34 illus. 366 pp. crown Svo 
{1902) net 7 6 



MECHANICAL ENGINEERING. 

Steam Engines and Boilers, etc. 

Engineers' Sketch Book of Mechanical Move- 
ments. By T. W. Barber. Fifth edition, 3000 
illus. 355 pp. Svo. {1906) ... net 10 6 

The Repair and Maintenance of Machinery. By 

T. W. Barber. 417 illus. 476 pp. Svo. {1895) ... 10 6 

Slide Valve and its Functions, with special 

reference to Modern Practice in the United 
States. By J. Begtrup. 90 diagrams, 146 pp. 
medium Svo. {New York, 1902) net 80 

Practical Treatise on Mill Gearing. By T. Box. 

Fifth edition, 11 plates, 12S pp. crown Svo. 

I^Ot/ivJ ... ... ... ... ... ... ••* f ^ 

The Mechanical Engineers' Price Book. 1912. 

Edited by G. Brooks. With Diary showing 
week at an opening. 176 pp. pocket size (6^ in. 
by 3f in. by ^ in. thick), leather cloth, with 
rounded corners. {1912) ... ... ... net 40 

Safety Valves. By R. H. Buell. Third edition, 
20 illus, 100 pp. iSmo, boards. {New York, 1898) 

net 2 o 
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Machine Design. By Prof. W. L. Cathcart. 

Part I. Fastenings. 123 illus. 291 pp. 

demy 8vo. {New York, 1903) ... net 12 6 

Chimney Design and Theory. By W. W. 

Christie. Second edition, 54 illus. 192 pp. 

crown 8vo. {New York, 1902) net 12 6 

Furnace Draft : its Production by Mechanical 
Methods. By W. W. Christie. 5 illus. 80 pp. 
i8mo, boards. {New York, 1906) ... ... net 20 

Working and Management of Steam Boilers 
and Engines. By F. Colyer. Second edition, 
108 pp. crown 8vo. {1902) 3 6 

The Stokers' Catechism. By W. J. Connor. 

63 pp. limp cloth. {1906) ... ... ... net 10 

Treatise on the use of Belting for the Transmission 
of Power. By J. H. Cooper. Fifth edition, 94 illus. 
399 PP- demy 8vo. {New York, 1901) ... net 12 6 

The Steam Engine considered as a Thermo- 
dynamic Machine. By J. H. Cotterill. Third 
edition, 39 diagrams, 444 pp. 8vo. {1896) ... 15 o 

Fireman's Guide, a Handbook on the Care of 
Boilers. By K. P. Dahlstrom. Eleventh edition, 
fcap. 8vo, limp. (S. & C. Series, No. 16.) {New 
York, 1906) ... ... ... ... ... net i 6 

Heat for Engineers. By C. R. Darling, i 10 illus. 
430 pp. Svo. (Finsbury Technical Manual.) 
{1908) ... ... ... ... ... ... net 12 6 

Diseases of a Gasolene Automobile, and How to 

Cure Them. By A. L. Dyke. 127 illus. 201 pp. 

crown 8 vo. {New York, 1908) ... ... net 6 6 

Belt Driving. By G. Halliday. 3 folding plates, 

100 pp. 8vo. {1894) ••• ••• ••• ••• 3 6 

Worm and Spiral Gearing. By F. A. Halsey. 

13 plates, 85 pp. i8mo, boards. {New York, 1903) 

net 20 

Commercial Efficiency of Steam Boilers. By 

A, Hanssen. Large 8vo, sewed. {1898) ... o 6 

Corliss Engine. By J. T. Henthorn. Third 
edition, 23 illus. 95 pp. square i6mo. (S. & C. 
Series, No. 23.) {New York^ 1910) ... net 1 6 
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Liquid Fuel for Mechanical and Industrial Purposes. 
By E. A. Brayley Hodgetts. io6 illus. 129 pp. 
8vo. (1890) ... ... ... ... ... ... 5 a 

Elementary Text-Book on Steam Eng^ines and 

Boilers. By J. H. Kinealy. Fourth edition, 

106 illus. 259 pp. 8vo. (New York, 190S) ... net 8 6 

Centrifugal Fans. By J. H. Kinealy. 33 illus. 

206 pp. fcap. 8vo, leatner. (New York, 1905) net 12 6 

Mechanical Draft. By J. H. Kinealy. 27 original 
tables and 13 plates, 142 pp. crown 8vo. (New 
York, 1906) net 8 6 

The A. B. C. of the Steam Engine, with a 
description of the Automatic Governor. By 
J. P. LisK. 6 plates, i2mo. (S. & C. Series, 
No. 17.) (New York, 1910) ... net 1 6 

Valve Setting Record Book. By P. A. Low. 8vo, 

Uv/cLI l_Lo . .. ... ... ... ... ... ... X \j' 

The Lay-out of Corliss Valve Gears. By S. A. 

Moss. Second edition, 3 plates, 108 pp. i8mo, 

boards. (New York, 1906) ... ... ... net 2 o 

Steam Boilers, their Management and Working. 
By J. Peattie. Fifth edition, 35 illus. 230 pp. 
crown 8vo. (1906) ... ... ... ... net 46 

Treatise on the Richards Steam Engine Indi- 
cator. By C. T. Porter. Sixth edition, 3 plates 
and 73 diagrams, 285 pp. 8vo. (1902) ... ... 90 

Practical Treatise on the Steam Engine. By 

A. RiGG. Second edition, 103 plates, 378 pp. 

demy 4to. (1894) ••• ••• ••• ••• , ... i 5 a 

Power and its Transmission. A Practical Hand- 
book for the Factory and Works Manager. By 
T. A. Smith. 76 pp. fcap. 8vo. (1910) ... net 20 

Drawings for Medium Sized Repetition Work. 

By K. D. Spinney. With 47 illus. 130 pp. 8vo. 

(1909) ... ... ... ... ... ... net 3 6 

Slide Valve Simply Explained. By W. J. Ten- 
nant. Revised by J. H. Kinealy. 41 illus. 
83 pp. crown 8vo. (New York, 1899) ... net 46 

Shaft Governors. By W. Trinks and C. Hoosum. 
27 illus. 97 pp. i8mo, boards. {New York, 1906) 

net 2 o 

c 2 
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Treatise on the Design and Construction of 
Mill Buildings. By H. G. Tyrrell. 652 illus. 
490 pp, 8vo. (New York, 1911) net 17 o 

Slide and Piston Valve Geared Steam Engines. 

By W. H. Uhlan D. 47 plates and 314 illus. 155 pp. 

Two vols, folio, half morocco. {1882) ... .., i 16 o 

How to run Engines and Boilers. By £. P. 

Watson. Fifth edition, 31 illus. 160 pp. crown 

8vo. (New York, 1904) 3 6 

Position Diagram of Cylinder with Meyer Cut- 
off. By W. H. Weightman. On card. {New 
1 0Tn) ••• ... ... ... ... ... net I o 

Practical Method of Designing Slide Valve 

Gearing. By E. J. Welch. 69 diagrams, 283 pp. 

Crown 8vo. {1890) ... ... ... ... ... 6 o 

Elements of Mechanics. By T. W. Wright. 

Eighth edition, illustrated, 382 pp. 8vo. {New 

York, 1909) ... ... ... ... ... net 10 6 



IMETALLURGY. 

Iron and Steel Manufacture. 

Life of Railway Axles. By T. Andrews. 8vo, 

sewed. {1895) ... ... ... ... ... i 

Microscopic Internal Flaws in Steel Rails and 
Propeller Shafts. By T. Andrews. 8vo, sewed. 

lJ.Oi/0) ... ... ... ... ... ••• ••• ^ 

Microscopic Internal Flaws, Inducing Fracture 

in Steel. By T. Andrews. 8vo, sewed. {1896) 2 

Relations between the Effects of Stresses slowly 

applied and of Stresses suddenly applied in the 
case of Iron and Steel : Comparative Tests 
with Notched and Plain Bars. By P. Breuil. 
23 plates and 60 illus. 151 pp. 8vo. {1904) net 8 

Practical Alloying. A compendium of Alloys and 
Processes for Brassfounders, Metal Workers, and 
Engineers. By John F. Buchanan. With 41 
illus. 205 pp. 8vo, cloth. {New York, 1911) net 10 
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Brassfouhders' Alloys. By J. F. Buchanan. Illus- 
trated, 129 pp. crown 8vo. {1905) ,„ net 4 6 

The Moulder's Dictionary (Foundry Nomen- 
clature). A concise guide to Foundry Practice 
By John F. Buchanan. Illustrated, 225 pp. 
crown 8vo. (1903) net 3 o 

American Standard Specifications for Steel. By 

A. L. Colby. Second edition, revised, 103 pp. 

crown 8vo. {New York^ 1902) net 5 o 

Pyrometry. By C. R. Darling. 60 illus. 200 pp. 

crown Svo. {1911) net 50 

Galvanised Iron: its Manufacture and Uses. By 

J. Davies. 139 pp. Svo. {1899) net 50 

Management of Steel. By G. Ede. Seventh 

edition, 216 pp. crown 8vo. {1903) ... .... 50 

Galvanising and Tinning, with a special Chapter 
on Tinning Grey Iron Castings. By W. T. 
Flanders. 8vo. {New York) ... ... net 8 6 

The Frodair Handbook for Ironfounders. i6o 

pp. i2mo. {1910) ... ... ... ... net 2 o 

Cupola Furnace. A practical treatise on the 
Construction and Management of Foundry 
Cupolas. By E. Kirk. Third edition, 106 illus. 
484 pp. demy 8vo. {New York, 1910) ... net 150 

Practical Notes on Pipe Founding. By J. W. 

Macfarlane. 15 plates, 148 pp. 8vo ... ... 12 6 

Atlas of Designs concerning Blast Furnace 
Practice. By M. A. Pavloff. 127 plates, 14 in. 
by loi in. oblong, sewed. {1902) ... ... net i 1 o 

Album of Drawings relating to the Manufacture 
of Open Hearth Steel. By M. A. Pavloff. 

Part I. Open Hearth Furnaces. 52 
plates, 14 in. by lo^ in. oblong folio in 
portfolio. (1904) /tei 12. o 
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Metallofijaphy Applied to Siderurgic Products. 

By H. Savoia. Translate^ by R. G. Corbet. 

With 94 illus. i8o pp. crown 8vo. (1910) net 46 

Modem Foundry Practice. Including revised 
subject matter and tables from Spretson*s 
" Casting and Founding." By J. Sharp. Second 
edition, 272 illus. 759 pp. 8vo. (1905) ... net i 1 o 

Roll Turning for Sections in Steel and Iron. 

By A. Spencer. Second edition, 78 plates, 4to. 

I J. Oi/J^) ... ••• ••• ••. ••• ••• ... IIO O 



METRIC TABLES. 

French Measure and English Equivalents. By 

J. Brook. Second edition, 80 pp. fcap. 32mo, 
roan. (1906),., net 

A Dictioiiary of Metric and other useful Mea- 
sures. By L. Clark. 113 pp. 8vo. (1891) 

English Weights, with their Equivalents in 
kilogrammes. By F. W. A. Logan. 96 pp. 
fcap. 32mo, roan. (1906) ... net 

Metric Weights with English Equivalents. By 

H. P. McCartney. 84 pp. fcap. 32mo. (1907) 

net 

Metric Tables. By Sir G. L. Molesworth. Fourth 
edition, 95 pp. royal 32mo. (1909) ... net 

Tables for Setting out Curves from 200 metres 

to 4000 metres by tangential angles. By H. 
Williamson. 4 illus. 60 pp. i8mo. (1908) net 



MINERALOGY AND MINING. 

Rock Blasting. By G. G. Andre. 12 plates and 

56 illus. in text, 202 pp. 8vo. (1878) ... ... 50 

Winding Plants for Great Depths. By H. C. 

Behr. In two parts. 8vo, sewed. [1902) net 2 2 o 
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Practical Treatise on Hydraulic Mining in 

California. By A. J. Bowie, Jun. Tenth 
edition, 73 illus. 313 pp. royal 8vo. {New York, 

JL oUO J ••« ... ... ... ... ... fltv 

Tables for the Determination of Common 

RocHs. By O. Bowles. 64 pp. i8mo, boards. 
(Van Nostrand Series, No. 125.) {New York, 
ivxUj ... ... ... ... ... ... net 

Manual of Assaying Gold, Silver, Copper and 
Lead Ores. By W. L. Brown. Twelfth edition, 
132 illus. 589 pp. crown 8vo. {New York, 1907) net 

Fire Assaying. By E. W. Buskett. . 69 illus. 

105 pp. crown 8vo. {New York, 1907) ... net 

Tin : Describing the Chief Methods of Mining, Dress- 
ing, etc. By A. G. Charleton. 15 plates, 83 pp. 
crown 8vo. {1884) ••• 

Gold Mining and Milling in Western Australia, 
with Notes upon Telluride Treatment, Costs and 
Mining Practice in other Fields. By A. G. 
Charleton. 82 illus. and numerous plans and 
tables, 648 pp. super-royal 8vo. {1903) ... net 

Miners' Geology and Prospectors' Guide. By 

G. A, Corder. 29 plates, 224 pp. crown 8vo. 
yJ.yu/j ... ... ... ... ... ... net 

Blasting of Rock in Mines, Quarries, Tunnels, 

etc. By A. W. and Z. W. Daw. Second edition, 
90 illus. 316 pp. demy 8vo. {1909) ... net 

Handbook of Mineralogy ; determination and de- 
scription of Minerals found in the United States. 
By J. C.-FoYE. i8mo, boards. {New York, 1886) 

net 

Conversations on Mines. By W. Hopton. Ninth 

edition, 33 illus. 356 pp. crown 8vo. {1891) 

Our Coal Resources at the End of the Nineteenth 
Century. By Prof. E. Hull. 157 pp. demy 8vo 

IjlO£7/I... ... ... ... ... ... .. 

Hydraulic Gold Miners' Manual. By T. S. G 

Kirkpatrick. Second edition, 12 illus. 46 pp 
crown 8vo. {1897) ... 

Economic Mining. By C. G. W. Lock. 175 illus 
680 pp. 8vo. {1895) ... ... ... net 
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Gold Milling : Principles and Practice. By C. G. W. 

Lock. 200 illus. 850 pp. demy 8vo. (1901) net 1 1 o 

Mining and Ore -Dressing Machinery. By 

C. G. W. Lock. 639 illus, 466 pp. super-royal 4to. 

\J-Oi7\/j ••■ •*• ••• ••• «•* ••■ ««• X ^ \J 

Miners' Pocket Book. By C. G. W. Lock. Fifth 
edition, 233 illus. 624 pp. fcap. Svo, roan,' gilt 
edges. (1908) net 10 6 

Chemistry, Properties and Tests of Precious 

Stones. By J. Mastin. 114 pp. fcap. i6mo, limp 

leather, gilt top. (1911) net 2 6 

Tests for Ores, Minerals and Metals of Com- 
mercial Value. By R. L. McMechen. 152 pp. 
i2mo. (New York, 1907) net 5 6 

Practical Handbook for the Working Miner 

and Prospector, and the Mining Investor. By 
J. A. Miller. 34 illus. 234 pp. crown Svo. 

K^Oiy 1 1 .*• .a. ... ... ... ... ... J v/ 

Theory and Practice of Centrifugal Ventilating 
Machines. By D. Murgue. 7 illus. 81 pp. Svo. 

l-iOOt? I a.. ... ... ... ... ... ... S w 

Examples of Coal Mining Plant. By J. Povey- 
Harper. Second edition, 40 plates, 26 in. b)' 
20 in. (1896) w^^ 4 4 o 

Examples of Coal Mining Plant, Second Series. 

By J. Povey-Harper. 10 plates, 26 in. by 20 in. 

(1902) -net i 12 6 



MODELS AND MODEL MAKING. 

How to Build a Model Yacht. By H. Fisher. 
Numerous illustrations, 50 pp. 4to. (New York, 
1902) ... ... ... ... ... ... net 4 6 

Model Engines and Small Boats. By N. M. 

Hopkins. 50 illus. crown Svo. (New York, 1898) 

net 5 9 
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The Gyroscope, an Experimental Study. By 

V. E. Johnson. 34 illus. 40 pp. crown 8vo, limp. 

(S. & C. Series, No. 22.) (1911) ne^ i 6 

The Model Vaudeville Theatre. By N. H. 

Schneider. 34 illus. 90 pp. crown 8vo, limp. 

(S. & C. Series, No. 15.) New York, 1910) ... i 6 

Electric Toy-Making. By T. O. Sloane. Fif- 
teenth edition, 70 illus. 183 pp. crown 8vo. {New 
York, 1903) net 4 6 

Model Steam Engine Design. By R. M. De 

ViGNiER. 34 illus. 94 pp. crown 8vo, limp. (S. & C. 

Series, No. 9.) (New York, 1907) ... net 1 6 

Small Engines and Boilers. By E. P. Watson. 
30 full page working drawings, crown 8vo. (New 
York, 1899) net 56 



ORGANISATION. 

Accounts, Contracts and Management. 
Organisation of Gold Mining Business, with 

Specimens of the Departmental Report Books 
and the Account Books. By Nicol Brown. 
Second edition, 220 pp. fcap. folio. (1903) net 1 5 

Cost Keeping and Management Engineering. 

A Treatise for those engaged in Engineering Con- 
struction. By H. P. Gillette and R. T. Dana. 
With 184 illus. 346 pp. 8vo. (New York, 1909) net 15 

Manual of Engineering Specifications and Con- 
tracts. By L. M. Haupt. Eighth edition, 338 pp. 
8vo. (New York, 1900) ... ... ... net 12 

Handbook on Railway Stores Management. 

By W. O. Kempthorne. 268 pp. demy 8vo. 
(1907) ... ... ... ... ... ... net 10 

Depreciation of Factories, Municipal, and In- 
dustrial Undertakings, and their Valuation. By 
E. Matheson. Fourth edition, 230 pp. 8vo, 
cloth. (1910) ... ... ... ... net 10 
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Aid Book to Engineering Enterprise. By £. 

Matheson. Third edition, 916 pp. 8vo, buckram. 

yJ-Oi/O J ••• ••• ... ••• ... (a. «,, X 4. 

Office Management. A handbook for Architects 
and Civil Engineers. By W. Kaye Parry. 
New impression, 187 pp. medium Svo. (1908) net 5 

Commercial Organisation of Engineering Fac- 
tories. By H. Spencer. 92 illus. 221 pp. Svo. 
{1907) ... ... ... ... ... ... net 10 



PHYSICS. 

Colour, Heat and Experimental Science. 

The Entropy Diagram and its Applications. By 

M. J. BouLViN. 38 illus. 82 pp. demy 8vo. (1898) 5 o 

Physical Problems and their Solution. By A. 

Bourgougnon. 224 pp. i8mo, boards. (New 

Yorky 1897) ... ... ... ... ... net 2 o 

Heat for Engineers. ByC. R. Darling, i 10 illus. 
430 pp. 8vo. (FiNSBURY Technical Manual.) 
(1908) ... ... ... ... net 12 6 

The Colourist. A method of determining colour 
harmony. By J. A. H. Hatt. 2 coloured plates, 
80 pp. 8vo. (New York, 1908) net 6 6 

Engineering Thermodynamics. By C. F. Hirsch- 

FELD. 22 illus. 157 pp. i8mo, boards. (NewYork, 

1907) ... ... ... ... ... ... net 20 

Experimental Science : Elementary, Practical and 
Experimental Physics. By G. M. Hopkins. 
. Twenty-third edition, 920 illus. 11 00 pp. large 8vo. 
(New York, 1902) net i 1 o 

Reform in Chemical and Physical Calculations. 

By C J. T. Hanssen. Demy 4to. (1897) net 6 6 

Introduction to the Study of Colour Phenomena. 

By J. W. LoviBOND. 10 hand coloured plates, 

48 pp. 8vo. (1905) ... ... ... ... net 50 
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Practical Laws and Data on the Condensation 
of Steam in Bare Pipes ; to which is added a 

Translation of Peclet's Theory and Experi- 
ments on the Transmission of Heat through In- 
sulating Materials. By C. P. Paulding. 184 
illus. 102 pp. demy 8vo. (New York, 1904) net 8 6 

The Hnerg^ Chart. Practical application to 
reciprocating steam-engines. By Captain H. R. 
Sankey. 157 illus. 170 pp. 8vo. {1907) ... net 7 6 



PRICE BOOKS. 

The Mechanical Engineers' Price Book, 1912. 

With Diary. By G. Brooks. 176 pp. pocket 
size (6 J in. by 3f in. by | in. thick), leather cloth, 
with rounded corners. {1912) ... ... net 4 

Approximate Estimates. By T. E. Coleman. 
Third edition, 481 pp. oblong 32mo, leather. 
{1907) nei 5 

The Civil Engineers' Cost Book. By Major 

T. E. Coleman, xii. + 289 pp. pocket size (6J in. 

by 3f in.), leather cloth. {1912) ... ... net 5 

Railway Stores Price Book. By W. O. Kemp- 

THORNE. 500 pp. demy 8vo. {1909) ... net 10 

Handbook of Cost Data for Contractors and 
Engineers. By H. P. Gillette. 1854 pp. 
crown 8vo, leather, gilt edges. {New York, 1910) 

net 1 1 

Telephone Construction, Methods and Cost. 

By C. Mayer. With Appendices on the cost of 
Materials and Labour. By J. E. Slippy. 103 
illus. 284 pp. crown 8vo. {New York) ... net 12 

Concrete Construction, Methods and Cost. By 

H. P. Gillette and C. S. Hill. 310 illus. 690 

pp. 8vo. {New Yorky 1908) ... ... net 1 i 

Spons' Architects* and Builders' Pocket Price- 
Book and Diary, 1912. Edited by Clyde 
Young. Revised by Stanford M. Brooks. Illus- 
trated, 239 pp. green leather cloth. With Diary 
showing a week at an opening. (Size 6^ in. by 
3J in. by J in. thick). Issued annually ... net 2 
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RAILWAY ENGINEERING. 

Practical Hints to Young Engineers Employed 
on Indian Railways. By A. W. C. Addis. 
With 14 illus. 154 pp. i2mo. (1910) ... net 36 

Railroad Curves and Earthwork. By C. F. 

Allen. Third edition, 4 plates, 198 pp. i2mo, 

leather, gilt edges. (New York, 1903) ... net 8 6 

Field and Office Tables, specially applicable to 

Railroads. By C. F. Allen. 293 pp. i6mo, 

leather. {New Yorky 1903) net 8 6 

The two above combined in one vol,. limp leather ... net 126 

Up-to-date Air Brake Catechism. By R. H. 

Blackall. Twenty-third edit. 5 coloured plates, 

96 illus. 305 pp. crown 8vo. (New York, 1908) net 8 S 

Simple and Automatic Vacuum Brakes. By C. 

Briggs, G.N.R. II plates, 8vo. {1892) ... 4 o 

Notes on Permanent-wajr Material, Plate-laying, 

and Points and Crossings. By W. H. Cole. 
Sixth edition, revised, with 44 illus. in 39 plates, 
203 pp. crown 8vo. {1912) ... ... net 76 

Statistical Tables of the Working of Railways 

in various countries up to the year 1904. By 
J. D. DiACOMiDis. Second edition, 84 pp. small 
folio, sewed. {1906) ... net 16 o 

Locomotive Breakdowns, Emergencies and their 
Remedies. By Geo. L. Fowler, M.E., and W. W. 
Wood, Fifth edition, 92 illus. 266 pp. i2mo. 
{New York, 1908) ... ... net 4 6 

Permanent-Way Diagrams. By F. H. Frere. 

Mounted on linen in cloth covers. {1908) net 3 o 

Formulae for Railway Crossings and Switches. 

By J. Glover. 9 illus. 28 pp. royal 32mo. {1896 2 6 

Data relating to Railway Curves and Super- 
elevations, shown graphically. By J. H. Haiste. 
On folding card for pocket use ... ... net o 6- 
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Setting out of Tube Railways. By G. M. Halden. 

9 plates, 46 illus. 68 pp. crown 4to. {1907) net 10 6 

Railway Engineering, Mechanical and Electrical. 

By J. W. C. Haldane. 141 illus. 563 pp. 8vo. 

I^Ot7/ I ... •.. ... •*• ••• ••• ... ^^ \j 

Tables for setting-out Railway Curves. By C. P. 

Hogg. A series of cards in neat cloth case ... 46 

The Construction of the Modem Locomotive. 

By G. Hughes. 300 illus. 261 pp. Svo. (1894) 9 o 

Practical Hints for Light Railways at Home and 
Abroad. By F. R. Johnson. 6 plates, 31 pp. 
crown Svo. (1896) ... ... ... ... ... 2 6 

Handbook on Railway Stores Management. By 

W. O. Kempthorne. 268 pp. demy 8vo. (1907) 

net 10 6 

Railway Stores Price Book. By W. O. Kemp- 

THORNE. 487 pp. demy 8vo. (1909) ... net 10 6 

Tables for setting out Curves for Railways, Roads, 
Canals, etc. By A. Kennedy and R. W. Hack- 
wood. 32mo ... ... ... ... ... net 20 

Railroad Location Surveys and Estimates. By 

F. Lavis. 68 illus. 270 pp. 8vo. (New York, 1906) 

net 12 6 

Tables for Computing the Contents of Earth- 
work in the Cuttings and Embankments of 
Railways. By W. Macgregor. Royal 8vo ... 60 

Bridee and Tunnel Centres. By J. B. McMasters. 
Illustrated, 106 pp. i8mo, boards. (New York, 
189S) ... ... ... ... ... ... net 2 o 

Pioneering. By F. Shelford. Illustrated, 88 pp. 

crown 8vo. (1909) ... ... net 30 

Handbook on Railway Surveying for Students 

and Junior Engineers. By B. Stewart. 55 

illus. 98 pp. crown 8vo. (1909) ... ... net 26 

Spiral Tables. By J. G. Sullivan. 47- pp. i2mo, 

leather. (New York, 1908) ... net 6 6 
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Modern British Locomotives. By A. T. Taylor. 

loo diagrams of principal dimensions, ii8 pp. 

oblong 8vo. (1907) net 46 

Locomotive Slide Valve Setting. By C. E. Tully. 

Illustrated, i8mo ... ... ... ... net 10 

The Walschaert Locomotive Valve Gear. By 

W. W. Wood. 4 plates and set of movable card- 
board working models of the valves, 193 pp. 
crown 8vo. (New York, 1907) ... ... net 6 6 

The Westinghouse E»T. Air-Brake Instruction 
Pocket Book. By W. W. Wood. 48 iUus. 
including many coloured plates, 242 pp. crown 
8vo. {New York, 1909) net 8 



SANITATION, PUBLIC HEALTH AND 
MUNICIPAL ENGINEERING. 

Sewers and Drains for Populous Districts. By 

J. W. Adams. Ninth eciition, 81 illus. 236 pp. 

8vo. {New York, 1902) net 10 6 

Engineering Work in Public Buildings. By 

R. O. Allsop. 77 illus. ix. 4-158 pp. demy 4to. 

{1912) ... ... ... ... ... - ... net 12 6 

Public Abattoirs, their Planning, Design and Equip- 
ment. By R. S. Ayling. 33 plates, 100 pp. 
demy 4to. {1908) ... ... ... ... riet 8 6 

Sewage Purification. By E. Bailey-Denton. 8 

plates, 44 pp. 8vo. (1896) ... ... ... 5 o 

Water Supply and Sewerage of Country Man- 
sions and Estates. By E. Bailey-Denton. 
76 pp. crown 8vo. (1901) ... ... ... net 26 

Sewerage and Sewage Purification. By M. N. 

Baker. Second edition, 144 pp. i8mo, boards. 

(New York, 1905) ... ... ... ... net 2 o 

Sewage Irrigation by Farmers. By R. W. P. 

Birch. 8vo, sewed. (1878) ... 26 
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Sewage Disposal in the Tropics. By W. W. 

Clemesha, M.D. 24 plates, 232 pp. 8vo. (1910) 

net 15 o 

Sanitary House Drainage, its Principles and 
Practice. By T. E. Coleman. 98 illus. 206 pp. 
crown Svo. (1896) ... ... ... ... ... 6 o 

Stable Sanitation and Construction. By T. £. 

Coleman. 183 illus. 226 pp. crown 8vo. (1897) 6 o 

Public Institutions, their Engineering, Sanitary and ' 
other Appliances. By F. Colyer. 231 pp. Svo. 
(1889) ... ... ... ... ... ... net 2 o 

Discharge of Pipes and Culverts. By P. M. 

Crosthwaite. Large folding sheet in case net 26 

A Complete and Practical Treatise on Plumbing 
and Sanitation : Hot Water Supply, Warm- 
ing and Ventilation, Steam Cooking, Gas, 
Electric Light, Bells, etc., with a complete 
Schedule of Prices of Plumber's Work. By 
G. B. Davis and F. Dye. 2 vols. 637 illus. and 
21 folding plates, 830 pp. 4to, cloth. (1899) net i 10 o 

Standard Practical Plumbing. By P. J. Davies. 

Vol. I. Fourth edition, 768 illus. 355 pp. royal 

Svo. (1905) net 7 6 

Vol. II. Second edition, 953 illus. 805 pp. 

(1905) ... ... ... .., net 10 6 

Vol. III. 313 illus. 204 pp. (1905) ... net 5 a 

Conservancy, or Dry Sanitation versus Water 
Carriage. By J. Donkin. 7 plates, 33 pp. 8vo, 
sewed. (1906) ... ... ... ... net i o 

Sewage Disposal Works, their Design and Con- 
struction. By W. C- Easdale. With 160 illus. 
264 pp. demy 8vo. (1910) ... ... ... net 10 5 

House Drainage and Sanitary Plumbing. By 

W. P. Gerhard. Tenth edition, 6 illus. 231 pp. 

i8mo, boards. (New York, 1902) ... ... net 20 

Housing and Town Planning Conference. 

Report of Conference held by the Institution 
OF Municipal and County Engineers. Edited 
by T. Cole, Secretary » 30 plates, 240 pp. demy 
Svo. (1911) ... ... ... net 10 6 
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Engineering Work in Towns and Cities. By 

E. McCuLLOCH. 44 illus. 502 pp. crown 8vo. 

{New York, 1908) fiet 12 6 

The Treatment of Septic Sewage. By G. W. 

Rafter. 137 pp. i8mo, boards. {New York, 

1904) ^^ 20 

Reports and Investigations on Sewer Air and 

Sewer Ventilation. By R. H. Reeves. 8vo, sewed. 

I'XOcT'A) ... ... ••« ... ... ... ... X yJ 

The Law and Practice of Paving Private Street 

Works. By W. Spinks. Fourth edition, 256 pp. 

8vo. {1904) net 12 6 



STRUCTURAL DESIGN. 

{See Bridges and Roofs.) 

TELEGRAPH CODES. 

New Business Code. 320 pp. narrow 8vo. (Size 
4f in. by 7f in. and J in. thick, and weight 10 oz.) 
{New Yorky 1909) «^^ i i o 

Miners' and Smelters' Code (formerly issued as 
the Master Telegrapti Code). 448 pp. Svo, 

limp leather, weight 14 oz. {New York, 1899) 

net 2 10 o 

Billionaire Phrase Code, containing over two mil- 
lion sentences coded in single words. 56 pp. 
Svo, leather. {New York, 1908) ... ... net 6 6 

WARMING AND VENTILATION. 

Heat for Engineers. By C. R. Darling, iio illus. 
430 pp. Svo. (FiNSBURY Technical Manual.) 
{1908) net 12 6 

Hot Water Supply, By F. Dye. Fifth edition, 

48 illus. S6 pp. crown Svo. {1902) ... net 30 
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A Practical Treatise upon Steam Heating. By 

F. Dye. 129 illus. 246 pp. demy 8vo. (1901) net 10 o 

Practical Treatise on Warming Buildings by 

Hot Water. By F. Dye. 192 illus. 319 pp. 

8vo. cloth. {1905) ... ... net 8 6 

Charts for Low Pressure Steam Heating. By 

J. H. KiNEALY. Small folio. {New York) ... 4 6 

Formulae and Tables for Heating. By J. H. 

KiNEALY. 18 illus. 53 pp. 8vo. {New Yorky 1899) 3 6 

Centrifugal Fans. By J. H. Kinealey. 33 illus. 

206 pp. fcap. 8vo, leather. {New York, 1905) net 12 6 

Mechanical Draft. By J. H. Kinealey. 27 original 
tables and 13 plates, 142 pp. crown 8vo. {New 
York, 1906) net 8 6 

Theory and Practice of Centrifugal Ventilating 
Machines. By D. Murgue. 7 illus. 81 pp. 8vo. 

IxOOOJ ... ... ... ... ... ... ... H \J 

Mechanics of Ventilation. By G. W. Rafter. 

Second edition, i8mo, boards. {New Yorky 1896) 

net 2 o 

Principles of Heating. By W. G. Snow. 62 illus. 

161 pp. 8vo. {New Yorky 1907) net 8 6 

Furnace Heating. By W. G. Snow. Fourth edition, 

52 illus. 216 pp. 8vo. {New York, 1909) ... net 6 6 

Ventilation of Buildings. By W. G. Snow and T. 
Nolan. 83 pp. i8mo, boards. {New York, 1906) 

net 20 

Heating Engineers' Quantities. By W. L. White 
and G. M. White. 4 plates, 33 pp. folio. (1910) 

net 10 6 

WATER SUPPLY. 

(See also Hydraulics.) 

Potable Water and Methods of Testing Im- 
purities. By M. N. Baker. 97 pp. i8mo, 
boards. (New York, 1905) net 20 

Manual of Hydrology. By N. Beardmore. New 

impression, 18 plates, 384 pp. 8vo. {1906) net 10 6 

P 
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Boiler Waters, Scale, Corrosion and Fouling. By 
W. W. Christie. 77 illus. 235 pp. 8vo, cloth. 
{New York, 1907) net 12 

Water Softening and Purification. By H. Collet. 

Second edition, 6 illus. 170 pp. crown 8vo. {1908) 

net 5 

Treatise on Water Supply, Drainage and Sanitary 
Appliances of Residences. By F. Colyer. ioo 
pp. crown 8vo. (1899) ... ... ... net 1 

Report on the Investigations into the Purifica- 
tion of the Ohio Kiver Water at Louisville, 
Kentucky. By G. W. Fuller. 8 plates, 4to, 
cloth. {New York, 1898) ... 2 2 

Purification of Public Water Supplies. By J. W. 

Hill. 314 pp. 8vo. (New York, 1898) 10 

Well Boring for Water, Brine and Oil. By C. Isler. 

Second edition, 105 illus. 296 pp. 8vo. (1911) net 10 

Method of Measuring Liquids Flowing through 
Pipes by means of Meters of Small Calibre. 

By Prof. G. Lange. i plate, 16 pp. 8vo, sewed 

net o 

On Artificial Underground Water. By G. 

RiCHERT. 16 illus. 33 pp. 8vo, sewed. (1900) 

net I 

Notes on Water Supply in new Countries. By F. 

W. Stone. 18 plates, 42 pp. crown 8vo. (1888) 5 

The Principles of Waterworks Engineering. 

By J. H. T. TuDSBERY and A. W. Brightmore. 
Third edition, 13 folding plates, 130 illus. 447 pp. 
demy 8vo. {1905) net i i 



WORKSHOP PRACTICE. 

A Handbook for Apprenticed Machinists. By 

O. J. Beale. Second edition, 89 illus., 141 pp. 
i6mo. {New York, 1901) ... net 26 

Bicycle Repairing. By S. D. V. Burr. Sixth 
edition, 200 illus. 208 pp. 8vo. (New York, 1903) 

net 46 
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Practice of Hand Turning. By F. Campin. 

Third edition, 99 illus. 307 pp. crown 8vo. (1883) 3 6 

Artistic Leather Work. By E. Ellin Carter. 
6 plates and 21 illus. in text, xii + 51 pp. crown 
8vo. (In the press) 

Calculation of Change Wheels for Screw Cutting 
on Lathes. By D. De Vries. 46 illus. 83 pp. 
8vo. (1908) net 3 o 

Milling Machines and Milling Practice. By 

D. DE Vries. With 536 illus. 464 pp. medium 

8vo. (1910) ... ... net 14 o 

French-Polishers' Manual. By a French-Polisher. 
New impression, 31 pp. royal 32mo, sewed. 
(1912) ... net 06 

Art of Copper-Smithing. By J. Fuller. Fourth 
edition, 483 illus. 319 pp. royal 8vo. (New Yorky 
2911) .•• ••• ... ••• ••• *•• net 12 o 

Saw Filing and Management of Saws. By R. 

Grimshaw. New edition, 81 illus. i6mo. (New 

York, 1906) ... ... ... net 3 6 

Paint and Colour Mixing. By A. S. Jennings. 
Fourth edition. 14 coloured plates, 190 pp. 8vo. 
(1910) ... ... ... net 50 

The Mechanician : a Treatise on the Construction 
and Manipulation of Tools. By C. Knight. 
Fifth edition, 96 plates, 397 pp. 4to. (1897) ... 18 o 

Turner's and Fitter's Pocket Book. By J. La 

NiccA. i8mo, sewed ... ... ... ... o 6 

Tables for Engineers and Mechanics, giving the 

values of the different trains of wheels required to 
produce Screws of any pitch. By Lord Lindsay. 
Second edition, royal 8vo, oblong... ... ... 2 o 

Screw-cutting Tables. By W. A. Martin. Seventh 

edition, royal 8vo, oblong ... ... ... ... 10 

Metal Plate Work, its Patterns and their Geometry, 
for the use of Tin, Iron and Zinc Plate Workers. 
By C. T. MiLLis. Fourth edition, 280 diagrams, 
470 pp. crown 8vo. (1906),.. ... ... ... 9 o 
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Engineers' and General Smiths' Work. The 

smith and forgeman's handbook of practical 
smithing and forging. By T. Moore. 401 illus. 
248 pp. crown 8vo. {1906),,, net 50 

Modem Machine Shop Construction, equipment 

and management. By O. E. Perrigo. 208 illus. 

343 PP- crown 4to. {New Yorky 1906) ... net 21 o 

Turner's Handbook on Screw-cutting, Coning, 

etc. By W. Price. New impression, fcap. 8vo. 

\iyi/i) ... ... ••• ••• ... ... Ha O O 

Introduction to Eccentric Spiral Turning. By 

H. C. Robinson, 12 plates, 23 illus. 48 pp. 8vo. 

(1906) ... ... ... ... ... ... net 4 6 

Manual of Instruction in Hard Soldering. By 

H. RowELL. Sixth edition, 7 illus. 66 pp. crown 

8vo. {New York, 1910) net 30 

Pocket Book on Boilermaking, Shipbuilding, and 

the Steel and Iron Trades in General. By M. J. 
Sexton. Sixth edition, 85 illus. 319 pp. royal 
32mo, roan, gilt edges. {1909) ... ... net 50 

Power and its Transmission. A Practical Hand- 
book for the Factory and Works Manager. By 
T. A. Smith. 76 pp. fcap. 8vo. (1910) ... net 20 

Spons' Mechanics' Own Book: A Manual for 

, Handicraftsmen and Amateurs. Sixth edition, 
1430 illus. 720 pp. demy 8vo. {1903) ... ... 60 

Ditto ditto half French morocco ... 76 

Spons' Workshop Receipts for Manufacturers, 
Mechanics and Scientific Amateurs. New 

and thoroughly revised edition, crown 8vo. 

{1909) each net 3 o 

Vol. I. Acetylene Lighting to Drying. 

223 illus. 532 pp. 
Vol. n. Dyeing ^(? Japanning. 259 illus. 

540 pp. 
Vol HI. Jointing Pipes to Pumps. 257 

illus. 528 pp. 

Vol. IV. Rainwater Separators .^(> Wire 

Ropes. 321 illus. 540 pp. 
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Gauges at a Glance. By T. Taylor. Second 
edition, post 8vo, oblong, with tape converter. 
(1900) net 50 

Simple Soldering, both Hard and Soft. By E. 
Thatcher. 52 illus. 76 pp. crown 8vo, limp. 
(S. & C. Series, No. 18.) {New York, 1910) net 1 6 

The Modern Machinist By J. T. Usher. Fifth 
edition. 257 illus. 322 pp. 8vo. {New York, 1904) 

net 10 6 

Practical Wood Carving. By C. J. Woodsend. 

108 illus. 86 pp. 8vo. {New York, 1897) ... net 4 6 

American Tool Making and Interchangeable Manu- 
facturing. By J. W. Woodworth. 600 illus. 
544 pp. demy 8vo. {New York, 1905) ... net 170 



USEFUL TABLES. 

Weights and Measurements of Sheet Lead. 

By J. Alexander. 32 mo, roan ... ... net 

Tables of Parabolic Curves for the use of Railway 

Engineers and others. By G. T. Allen. Fcap. 

^ wXxlvJ ... ... ... ... ... _.. ... 



4 o 



4 o 



Barlow's Tables of Squares, Cubes, Square Roots, 
Cube Roots and Reciprocals. Crown 8vo, leather 
v/iuLxi ■•• ... ... ... ... ... nev 

Tables of Squares. By E. E. Buchanan. Ninth 

edition, i2mo ... ... ... ... net 46 

Land Area Computation made Easy. By W. 

CoDD. Tables on sheet and explanatory pamphlet , 

in envelope. {1910) net 1 6 

Tables for Setting out Curves from ibi to 5000 

feet radius. By H. A. Cutler and F. J. Edge. 

Royal 32mo ... ... ... ... ... net 2 o 

Transition Curves. By W. G. Fox. i8mo, boards. 

{New York) ... net 2 o 
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Tables of some of the Principal Speeds occurring 

in Mechanical Engineering, expressed in Metres 

per second. By P. Keerayeff. i8mo, sewed net 06 

Calculating Scale. A Substitute for the Slide Rule. 

By W. Knowles. Crown 8vo, leather ... net 10 

Planimeter Areas. Multipliers for various scales. 
By H. B. MoLESwoRTH. Folding sheet in cloth 
case ••• •«• ••• ... ... ... fid i o 

Tables of Seamless Copper Tubes. By I. O'Toole. 

69 pp. oblong fcap. 8vo. {1908) ... ... net 36 

Steel Bar and Plate Tables. Giving Weight per 

Lineal Foot of all sizes of L and T Bars, Flat 
Bars, Plates, Square, and Round Bars. By 
E. Read. On large folding card. (1911) net i o 

Rownson's Iron Merchants' Tables and Memo- 
randa, Weights and Measures. 86 pp. 32mo, 

ACcxLXJCx ... ... ... ... ... ... •.• ^ U 

Spons' Tables and Memoranda for Engineers. 

By J. T. Hurst, C.E. Twelfth edition, 278 pp. 

64mo, roan, gilt edges. (1907) ... ... net 10 

Ditto ditto in celluloid case net 16 

The Wide Range Dividend and Interest Calcu- 
lator. Showing at one reading the percentage 
on any sum from £1 to ;^iooo at any interest 
from \ per cent, to \i\ per cent., increasing by 
\ per cent. ; or on any sum up to ;^i 0,000 at not 
more than two readings. Also Tables of Income 
Tax Deduction at 9^., is., and u. iA, in the £. 
By A. Stevens. 100 pp. royal 8vo, half bound. 
(1911) ... ... ... ... ... ... na 12 6 

The Wide Range Income Tax Calculator. 

Showing at one reading the tax on any sum 
from One Pound to Ten Thousand Pounds at 
Tax Rates of 9^., is, and 15. 2//. By Alfred 
Stevens. 8 pp. royal 8vo, sewed. (1911) net i o 

Optical Tables and Data, for the use of Opticians. 
By Prof. S. P. Thompson. Second edition, 130 
pp. oblong 8vo. (1907) net 60 
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Traverse Table, showing Latitudes and Departure 
for each Quarter degree of the Quadrant, and for 
distances from i to loo, etc. ; i8mo, boards net 20 

Fifly-four Hours' Wages Calculator. By H. N. 

Whitelaw. Second edition, 8vo ... ... net 26 

Wheel Gearing. Tables of Pitch Line Diameters, 
etc. By A. Wildgoose and A. J. Orr. 175 pp. 
fcap. 32mo. (190S) net 20 

MISCELLANEOUS. 

The Atmosphere : Its Characteristics and Dyna- 
mics. By F. J. B. CoBDEiRO, With 35 illus. 
129 pp. medium 8vo. (New York, 1910) ... net 10 6 

Popular Eiigfineering. By F. Dye. 704 illus. 477 

pp. crown 4to. [1895) ... ... ... net 50 

The Phonograph, and how to construct it. By 
W. GiLLETT. 6 folding plates, 87 pp. crown 8vo. 

lJ.Oi7?vi ... •*• ... ... ... ... ... ^ \J 

Engineering Law. By A. Haring. Demy 8vo, 
cloth. (New York.) 

Vol. I. The Law of Contract. 518 pp. 

(1911) ... ... ... net 17 o 

The Gyroscope, an Experimental Study. By 

V. E. Johnson. 34 illus. 40 pp. crown 8vo, limp. 

(S. & C. Series, No. 22.) (1911) ... ... net 16 

Particulars of Dry Docks, Wet Docks, Wharves, 
etc. on the River Thames. By C. N. Jordan. 
Second edition, 7 coloured charts, 103 pp. oblong 
8vo. (1904) ... ... ... ... ... net 2 6 

New Theories in Astronomy. By W. Stirling. 

335 PP- demy 8vo. (1906) net 8 6 

The American Hardware Store. A Manual of 

approved methods of arranging and displaying 
hardware. By R. R. Williams. 500 illus. 
448 pp. royal 8vo. (New York, 1896) ... net 7 6 

Practical Wood Carving. By C. J. Woodsend. 

108 illus. 86 pp. 8vo. (New York, 1897) ... net 4 6 

Inventions. How to Protect, Sell and Buy Them. 

By F. Wright. Crown 8vo, limp. (S. & C. 

Series, No. 10.) (New York, 1908) ... net 16 
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The Journal of the Iron and Steel Institate. 

Edited by G. C. Lloyd, Secretary, 

Published Half-yearly, 8vo, cloth, 165. net. 



The Journal of the Institation of Electrical 

Engineers. 

Edited by P. F. Rowell, Secretary, 



^ The Proceedings of the Institation of Manicipal 

and County Engineers. 

Edited by Thomas Cole, Assoc. M. Inst. C.E. Secretary. 

Published Annually, 8vo, cloth, 21s, net. 



The Transactions of the Institution of Mining and 

Metallurgy. 

Edited by C. McDermid, Secretary, 
Published Annually, boards, 215. net, or half-bound, 25s. net. 

Transactions of the Institution of Gas Engineers. 

Edited by Walter T. Dunn, Secretary, 

Published Annually, 8vo, cloth, 105. 6d. net. 



Proceedings of the International Association 

for Testing Materials. 

(English Edition.) 

Transactions of the American Institute of 

Chemical Engineers. 

Published Annually, Svo, cloth, 255. net. 
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